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sodium phenylpyridylpyruvate, there is a rapid evolution of gas; 
the colour is completely discharged in about 1 hour. The solution 
of the sodium salt thus obtained, on being acidified, gives some 
4-benzylpyridine, which is probably produced by decomposition of 
phenylpyridylacetic acid. 

ol aa N=C-CHPh’C;NH, _ 
2-«-4-Pyridylbenzyl-3-quinoxalone, CoH. és 0 ’ 
Alcoholic solutions’ of equimolecular quantities of ethyl phenyl- 
4-pyridylpyruvate and o-phenylenediamine are heated together on a 
water-bath for 2 hours; the solid that separates is washed, 
and crystallised from hot pyridine; m. p. 294—295° (Found : 
C, 76-7; H, 4:8; N, 13-0. C,.9H,,ON, requires C, 76-7; H, 4:8; 

N, 13-4%). 


This work was carried out under the supervision of Dr. W. H. 
Mills, F.R.S., and the author is indebted to Prof. Sir William Pope 
for providing facilities in the laboratory. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, July 30th, 1925.] 


NOTES. 


Selenium as a Chlorine Carrier. By OswaLpD SmBERRAD and 
CHARLES A, SILBERRAD. 


THE observations (Silberrad, C. A. Silberrad, and Parke, this vol., p. 
1724) that selenium acted as a catalyst towards sulphuryl chloride 
in a perfectly normal manner, 7.e., midway between tellurium and 
sulphur, and that the catalysts examined appeared to behave as 
chlorine carriers rather than as dissociation catalysts made it of 
interest to reinvestigate Willgerodt’s work (J. pr. Chem., 1885, 
31, 539; 1888, 34, 264) on direct chlorination, which led him to the 
conclusion that selenium does not act, in that case, as a chlorine 
carrier at all. 

To this end dual experiments were conducted. Chlorine (1 mol.) 
was passed into boiling toluene (1) without and (2) with the addition 
of selenium chloride; each experiment was repeated (a) in total 
darkness and (b) in an apparatus so arranged that the vapour was 
exposed to light; the quantities of chlorotoluene and benzyl 
chloride produced were determined as recently described (loc. cit.). 
The results were as follows : 

VOL. CXXVII. 4N 


NOTES. 


Composition of product %. 

— Ratio 
Chlor- Tolu- Chloro- Benzyl Chlorotoluene/ 

Conditions of expt. d;. ine. ene. toluene. chloride. benzyl chloride. 


(a) In total darkness. 
No catalyst 0-961 12:4 55:8 2-7 41-5 0-065 
With selenium (1-0 g. 
of SeCl,)* 0-983 15:8 434 33-7 22-9 1-472 
(6) Vapour exposed to light. 
No catalyst 16-2 42:3 10-6 47-1 0-225 
With selenium (0-3 g. 
1-004 18:3 346 29-5 35-9 0-82 
* The selenium chloride was prepared by passing dry chlorine over the 
element, with which, contrary to the literature (Sacc, Ann. Chim. Phys., 
1848, 23, 124), both varieties react at the ordinary temperature, passing 
through the mono- to the tetra-chloride. 


From these results it is evident that, contrary to the literature, 
selenium does act as a carrier in direct chlorination; its presence 
not only raises the ratio of nuclear to side-chain substitution, but 
also, to a lesser extent, increases the amount of chlorine which enters 
into combination in a given time.—THE SmBERRAD RESEARCH 
LABORATORIES, BucKHURST Hix, Essex. [Received, August 11th, 
1925.] 


A Simple Form of Gas Circulating Apparatus. By A. R. PEaRrson 
and J. 8S. G. Tuomas. 


For circulating a volume of gas through a closed system, apparatus 
depending on the force-pump 
principle has been described by 

. Bone and Sarjant (Proc. Roy. Soc., 
1919, 96, A, 126) and by Davis, 
Place, and Edeburn (Fuel, 1925, 
4, 290); in each case the piston is 
mercury contained in a U-tube. 

A prime mover for the mercury- 
U-tube type of circulating pump 
can be made very simply from 
ordinary laboratory apparatus, 
utilising the principle of the hot- 
air engine (see Griffiths, “‘ The 
Thermal Measurement of Energy,” 
1901, p. 50). The complete 
apparatus is shown in the figure. 

INCHES The bulb A is heated by a burner, 
and when a pressure difference of two or three inches is indicated 
by the U-tube the mercury is set in oscillation by quickly opening 
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and closing the tap, T, in such a way that the pressure in the hot 
bulb is suddenly reduced as nearly as possible to equality with that 
on the other side of the U-tube. The mercury will then continue 
to oscillate as long as heat is supplied to the bulb, and by the opera- 
tion of the glass valves, V, or other suitable valves, gas can be forced 
through the system in the direction of the arrows. To ensure 
regularity of operation, suitable dimensions must be chosen for the 
mercury column and the hot bulb. With the dimensions shown, the 
apparatus drives about 2jcubic feet of gas per hour against a total 
back pressure of about 3 inches of water—Soutn MxrtTRoPoLitaN 
Gas Co., Lonpon, S.E. 15. [Received, July 15th, 1925.] 


The Action of Metals on Dipentene Dihydrohalide. Preparation of a 
Synthetic Diterpene. By Kmnnetu Cuartes ROBERTS. 


ALCOHOLIC solutions of cis- and trans-dipentene dihydrobromide 
and of trans-dipentene dihydrochloride were each shaken at room 
temperature with molecular silver’ until reaction was complete, 
this being indicated when no precipitate was formed on dilution 
of a portion of the reaction mixture with water. The action of 
finely-divided copper was tried in the same way. (The action of 
sodium was investigated by Montgolfier, Ann. Chim. Phys., 1880, 
19, 155). Inno case was metal halide formed. There was therefore 
no condensation, but simply loss of halogen acid and production 
of dipentene. This polymerised to a diterpene, which was isolated 
as a colourless, highly viscous liquid with a faint terpene-like odour, 
b. p. 173—183°/13 mm., xn 1:5170, d*® 0-9361 (Found: 
C, 88-4; H, 12:0; M, 273, 266; iodine value, 103. Cy Hs» requires 
C, 88:2; H, 118%; M, 272; iodine value, for one double linking, 
94). ®-Camphorene has b. p. 170—180°/10 mm., mp 1-5180, and 
d” 0-9300 (Semmler and, Rosenberg, Ber., 1913, 46, 768).— 
University oF Otaco, NEw Zeatanp. [Received, August 11th, 
1925.] 


CCCXXXIIT. — Negative Adsorption. The Surface 
Tensions and Activities of Some Aqueous Salt Solutions. 


By ArtuurR KENNETH GOARD. 


In previous communications (Goard and Rideal, this vol., pp. 780, 
1668) experiments were described dealing with the surface tensions of 
aqueous solutions of phenol containing sodium chloride, and the 
advantage of applying the Gibbs adsorption equation in its strict 


form, employing activities of the solute instead of its concentration, 
4N2 
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was pointed out. Another case in which such a procedure is likely 
to prove fruitful is that of aqueous solutions of inorganic salts, 
which raise the surface tension of the solvent, being consequently 
negatively adsorbed at the surface of the solution. Little or no 
attempt seems to have been made hitherto to determine the magni- 
tude of this negative adsorption. Langmuir (J. Amer. Chem. Sac., 
1917, 39, 1848) has discussed the subject briefly, from the point of 
view of the orientation theory of surface tension. He considers that 
the surface of an aqueous salt solution probably consists of a single 
layer of oriented water molecules, and, from a few data on the 
surface tensions of potassium chloride solutions, concludes that the 
length of such an oriented water molecule is about 4 A.U. He adds 
further that though different salts raise the surface tension of 
water to different extents, ‘‘ these differences seem to be almost 
wholly accounted for by differences in the degree of electrolytic 
dissociation.”’ 

The data upon which Langmuir based this generalisation are 
somewhat scanty; and it seemed desirable to investigate this 
matter more fully, using wide ranges of concentration in order to 
determine whether the thickness of the adsorbed layer is independent 
of the concentration, and of the nature of the salt, as would seem 
to be necessary on Langmuir’s view. 

The salts chosen for this purpose were the chlorides of lithium, 
sodium, and potassium, cadmium chloride, and silver nitrate. For 
the first three salts, activity data are available up to the most 
concentrated solutions (compare Harned, ibid., 1922, 44, 252). The 
activity coefficient of cadmium chloride has been calculated by Lewis 
(G. N. Lewis and Randall, ‘‘ Thermodynamics,” New York, 1923) 
from the electromotive force measurements of Horsch (J. Amer. 
Chem. Soc., 1919, 41, 1787). This salt is unusual, in that the 
activity coefficient falls extremely rapidly as the concentration 
increases, dropping to 0-219 at a molarity of 0-0995 and to 0-025 at 
a molarity of 6-62. Commenting on this, Lewis remarks: “ Cad- 
mium chloride cannot be regarded as a strong electrolyte. It 
possesses in a lesser degree the characteristics of the analogous 
substance, mercuric chloride, which shows almost no ionisation.” 
Unfortunately, no data are recorded for the activities of solutions 
between the two concentrations given above. Owing, however, 
to the comparatively small change of activity of the salt, it is 
possible to obtain fairly accurate values by means of graphical 
interpolation (assuming, of course, that the activity coefficient 
decreases continuously over this interval). Finally, provisional 
values for the activity coefficient of silver nitrate are given by 
Lewis, calculated from freezing-point measurements, and uncor- 
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rected for heat of dilution. They cannot therefore be regarded as 
strictly accurate save near the freezing point. 

The surface tensions of the solutions were determined by the 
drop-weight apparatus previously described (Goard and Rideal, 
loc. cit.). Pure specimens of all the salts were obtained, except of 
lithium chloride, which gave a slightly alkaline, solution. With 
this salt, therefore, the aqueous solution, after filtering, was evapor- 
ated to dryness and gently baked, the residue being subsequently 
dissolved in water and a little hydrochloric acid, and the salt 
recrystallised. 

The solutions were kept over-night in a long vertical tube; a few 
c.c. were then run out from the lower end of the tube, and the 
supply bottle of the apparatus was subsequently filled. The 
apparatus was cleaned with hot chromic acid every time a fresh 
solution was employed. 

The drop weights given in Table I are the means of several 
determinations, agreeing within 0-1%%. The densities of the solu- 
tions were taken from Landolt’s tables. All measurements were 


TABLE I. 


The Surface Tensions (c) of Aqueous Salt Solutions at 20°. 


Moles Mean Moles Mean 

of salt wt. (g.) c of salt wt. (g.) o 
per of ten (dynes / per of ten (dynes / 
litre. drops. Density. cm.). litre. drops. Density. cm.). 


Lithium chloride. Cadmium chloride. 
00-9353 1:024 74-74 0-471 0-9237 1-068 74-04 
0-9538 1:044 76-22 0-942 0-9303 1136 74-67 
0-9931 1:078 79-46 2- 09554 1-344 76-80 
: ‘ 09823 1543 79-20 
Sodium chloride. : 1:0108 1-672 82-10 
09343 1:036 74-78 a ‘ 
0-9544 1-077 716-51 Silver nitrate. 
0-9819 1-110 78-73 , 0-9257 1-118 74-37 
1-0277 1118 82-20 , 09360 1-236 75-23 
: , . 0-9437 1-348 75-94 
Potassium chloride. . 0-9721 1:402 77°69 
0-9316 1-044 74-55 
09503 1-088 76-13 
0-9681 1-129 = =77-77 
09832 1-182 79-17 


made at 20°. The salt content of the solutions was checked by 
titration. The surface tensions were calculated by Iredale’s method 
(see Goard and Rideal, loc. cit.). 

The form of the surface tension—concentration curves obtained 
from these figures is similar, in the case of the three alkali chlorides, 
to that described by previous observers (compare a collection of 
data made in 1920 by Stocker, Z. physikal. Chem., 94, 149), 1.e., 
the curves exhibit throughout a slight convexity towards the 
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concentration axis. With cadmium chloride and silver nitrate, 
however, the curves are initially concave towards this axis, up to 
a point of inflexion, which occurs with the former salt at a concen- 
tration of 2-2 molar, and with the latter at about 2-5 molar. Beyond 
these points, the curves are convex to the concentration axis. 
These would seem to be the only cases of such a relationship which 
have so far been observed. With silver nitrate, neither portion 
of the curve exhibits such pronounced curvature as obtains 
with cadmium chloride; the point of inflexion is nevertheless 
unmistakable. 
Determination of the Surface Adsorption. 

The negative adsorption, I’, at the surface of these solutions was 

determined by plotting the surface tension against the logarithm 
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of the activity of the salt; I’, which is proportional to the slope 
of this curve, was measured by drawing tangents. The activity 
coefficients of the first four salts in Table I were measured at 25°; 
the change in the coefficient over five degrees of temperature, 
however, may be considered to be negligible. 

Owing to the approximation to a linear relation between surface 
tension and concentration, it was possible to read off with con- 
siderable accuracy values of the surface tension intermediate 
between those given in the above table. Since, however, the 
logarithm of the activity tends to an infinite negative value as the 
concentration approaches zero, direct determination of the slope 
of the surface tension-log. activity curve became inexact at low 
concentrations. It was found that if I were plotted against the 
elevation of the surface tension, a smooth curve was obtained which 
could be extrapolated back to low concentrations with fair accuracy. 
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On the “ kinetic ” view of surface films, such a procedure is analogous 
to plotting the reciprocal of volume against pressure (compare 
Langmuir, loc. cit.). 

The results obtained with sodium chloride are shown in Fig. 1. 
Similar results were obtained with the other alkali chlorides. 

In Table II, values of the negative adsorption, T, are given 
together with the corresponding molarities (moles of salt per 1000 g. 
of water). In the third column are given. values of the thickness 
of the adsorption layer, calculated from the equation r = 1000r/M, 
where M = the salt concentration in moles/litre. Some discussion 
of the meaning of + is given in the sequel. 

Fig. 2 shows the values of + plotted against the molarity of salt, 
for solutions of the three alkali chlorides. 


TABLE II. 


Adsorption at the Surface of Aqueous Salt Solutions. 


Yr x.10" r x 19% r x 19% 
Mol- (moles/ T Mol- (moles/ T Mol- (moles/ T 
arity. cm.?). (A.U.). arity. cm.’). (A.U.). arity. om.*). (A.U.). 
Lithium chloride. Sodium chloride. Potassium chloride. 
0-55 0-40 
1-05 0-83 
2-10 2-15 
3°19 3°75 
4-63 6-10 
5-90 8-05 
9-8 


af 


Se Oem OOC? 
Soooocoanre 
WWHOORAS 
& Ot-1 © -1 4-1-1 

An AA 


1l- 


The results obtained with cadmium chloride are extremely 
interesting. Fig. 3 shows the adsorption coefficient plotted against 
the rise of surface tension. The curve exhibits two well-marked 
points of inflexion, and its earlier and later portions are coincident 
with two curves of the type shown in Fig. 1; these curves are dotted 
in the diagram and labelled I and II respectively. 


TABLE III. 


Cadmium Chloride Solutions. 


rxlo -¢ rx 16 T 
(moles/ actual Mol- (moles/ actual 
em.*), (A. . . arity. cm.’). (A.U.). 

0-34 . 2-0 9-1 

0-60 , ° ° 13-8 

1-04 , ° ° 17-6 

1-46 . . ° 21-2 

2-08 . . 26-1 

3°74 . ° ° 
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The values of +r, of course, exhibit the same anomalies. In 
Table III, column 3 gives the actual values of +; column 4 gives 
the values of + derived from curve I of Fig. 3, column 5 the values 
derived from curve II. If these be plotted against molarity, it 
will be seen that the actual + curve is coincident in its earlier and 
later portions with two curves of the type exhibited by sodium 
chloride in Fig. 2. 

The results obtained with silver nitrate are in some respects 
similar to those given by cadmium chloride. Values of I, plotted 
against the elevation of the surface tension, lie on a curve of normal 
type up to a molarity of 2; beyond this point, they increase at an 
abnormal rate, as do those of cadmium chloride. In this case, 
however, the increase is so great that it indicates that the activity 


Fia. 2. Fie. 3. 
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data are inaccurate at high concentrations. This was to be expected, 
in view of the fact that they are uncorrected for heat of dilution. 
Nevertheless, seeing that the form of the surface tension—concen- 
tration curve resembles that given by cadmium chloride (vide supra), 
it is probable that the abnormal increase of T at high concentrations 
is to some extent real, though exaggerated by the inaccurate activity 
values. 


TABLE IV. 


Silver Nitrate Solutions. 


rx te T r x 10" 
Molarity. (moles/cm.’). Ui. Molarity. (moles/cm.?). 
2-0 5-4 
3-0 8-0 ' 
4-0 (43) (12) 
5-0 Very high Very high 
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Discussion of Results. 


It is evident that the values which have been obtained for the 
adsorption coefficients, and for the thicknesses of the adsorbed 
layers, are not such as to lead to the conclusion that the surface 
layer of different salt solutions consists of a single layer of oriented 
water molecules, since the thickness, 7, is independent neither of 
the concentration nor of the nature of the salt. This thickness 
represents of course the distance of the solute boundary from the 
surface of the solution, assuming that the concentration gradient 
at the solute boundary is infinitely steep. Such calculation of r 
does not discriminate between ions of opposite sign; assuming, 
however, that the distribution of the chlorine ions in the solutions 
of the three alkali chlorides is the same, it would appear that the 
lithium ion comes nearest to the surface, the order followed by the 
ions being that of their atomic radii. It is possible that the decrease 
in the values of 7 as the concentration of the solution increases is 
due to the “‘ water shells ’ with which the ions have been supposed 
to be surrounded (compare Born, Z. Physik, 1920, 1, 221; also 
Lorenz, Z. Elektrochem., 1920, 26, 424) becoming smaller or more 
tightly packed. 

Some experiments upon the nature of the negative adsorption 
layer have been recently made by Frumkin (Z. physikal. Chem., 
1924, 109, 34), who, however, deals chiefly with anions. Values 
are given in his paper for the adsorption of the three alkali chlorides 
in 2N-solution, which:are in fair agreement with those given here. 

In considering the phenomena exhibited by cadmium chloride 
solutions, it seems difficult to avoid the conclusion that we are 
dealing with two molecular species. Knowing cadmium chloride 
to be a weak electrolyte, we may be fairly confident in ascribing the 
earlier portion of the adsorption curve to the influence of ions, 
and the later portion to that of molecules. 

The resemblance of the surface tension—concentration curve of 
silver nitrate to that of cadmium chloride also indicates the existence 
of molecules in concentrated solution, though the activity data are 
not sufficient to warrant a definite conclusion. 


Summary. 


The negative adsorption at the surface of aqueous solutions of 
lithium, sodium, potassium, and cadmium chlorides, and of silver 
nitrate, has been determined over wide ranges of concentration, 
employing original surface tension determinations, by the drop- 
weight method, and activity data from various sources. The 


results obtained are not in harmony with the supposition that the 
‘ 4 N* 
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surface of these solutions consists of a single layer of oriented water 
molecules, as has been supposed by Langmuir; since the mean 
thickness of the adsorbed layer varies with the concentration of the 
solution and with the nature of the salt. 

Evidence is adduced which indicates that in concentrated solu- 
tions of cadmium chloride, and possibly of silver nitrate, the adsorp- 
tion is determined by undissociated molecules, as well as by ions. 


The author wishes to thank Dr. E. K. Rideal for the helpful 
interest he has taken in this work during its prosecution. 


LABORATORY OF PHysIcAL CHEMISTRY, 
CAMBRIDGE. [Received, June 3rd, 1925.] 


CCCXXXIV.—Polarity Theories and Four-membered 
Rings. The Non-existence of 2:3:3-Triphenyl- 
methylene-1 : 2-oxaimine. 


By GrorGe NorMAN BURKHARDT, ARTHUR LAPWORTH, and JAMES 
WALKDEN. 


INGOLD and WEAVER discussed the formation of a four-membered 
ring compound from phenylazocarboxylic ester and diphenylketen 
(this vol., p. 378) and added in a footnote: ‘ The direction of this 
addition conforms to the theory of alternate polarities, unlike 
many of the cases previously discussed”’ (compare, for instance, 
Ingold and Weaver, J., 1924, 125, 1456). 

It has since been shown (this vol., pp. 1747, 2234) that in most 
of the cases there alluded to it is the experimental data and the 
interpretation thereof which were at fault and not the theory of 
alternate polarities. Only one case investigated by Ingold and 
his co-workers remained which offered any difficulties from the 
point of view of polarity theories, and this is now dealt with. 

This last case concerns the action of nitrosobenzene on as-diphenyl- 
ethylene. Ingold and Weaver (J., 1924, 125, 1461) obtained a 
compound which in its stability towards permanganate and its 
general properties (except thermal division) closely resembled those 
of the ‘‘ dimethyleneoxamines ” described in the same paper. The 
compound was assigned the formula CPh, ce >o (I.) and its 
formation was held to constitute evidence against the theory of 
induced alternate polarities. In order to explain why the present 
authors remained sceptical of this formula, it will be simplest to 
deal with first principles, which tend to be overlooked in discussions 
of secondary details. 
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Lapworth suggested that many reactions in organic chemistry 
are due to formation and decomposition of complex ions (J., 1901, 
79, 1266). It is not a long step from this elementary conception 
to the idea that two molecules A and K, in one or both of which 
polarisation occurs, may unite with each .other to form a bipolar 
ion @A—KO, provided that the residues GA and KO have 
sufficiently high affinities for their respective charges.* 

According to Robinson’s theory of polarisation in nitrosobenzene, 
addition of an ion, whether charged negatively or positively, to the 
nitroso-group should normally take place at the nitrogen atom 
(Chem. and Ind., 1925, 44, 456). 

Lapworth has deduced from the properties of ethenoid hydro- 
carbons (compare ibid., p. 228) certain conclusions which can be 
expressed in the following terms: (a) such hydrocarbons normally 
form positively charged ionic residues, and (b) the positions at 
which they combine with other ions and molecules in forming such 
ionic residues are those corresponding with the reactive positions 
as required by Thiele’s theory. 

A combination of these theories leads to the view that the first 
step in the union of the nitroso-group of nitrosobenzene and the 
ethylenic carbon pair of as-diphenylethylene is the bipolar ion (II). 


Ph,C—CH, | Ph,C—CH, 
> 

Phn=o | PhN—O—6 

Normally (II) would change into CHPh,*CH:NPh:O, the customary 
formula for a nitrone being employed. 

The formula of the hypothetical first complex is given here in 

the simplest possible form, and recondite details such as those of 

possible preliminary activation of one or both of the two reacting 


molecules, partial versus whole valencies, conjugation phenomena 
within the complex bipolar ion, and the localisation or dispersion 


(II.) 


of the positive charge over the diphenylcarbonium system, Ph,c—, 
must be omitted from this short statement. 

It was evident, therefore, that if the compound obtained by 
Ingold and Weaver had the constitution which they ascribed to it, 
some entirely novel factor had caused the complete inversion of 


* This is expressed in terms of the electro-affinity theory of Abegg and 
Bodlinder. There are various alternative modes of expressing the idea: for 
example, “‘ A and KG must represent residues of sufficient stability, in 
the sense of large entropy.’”’ Thus @A has stability when it represents the 
residue of an ammonium ion. 

Throughout the present paper the signs © and © are used to denote 
electrical charges, not latent polarities or key-atom signs. 


4n*2 
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the normal properties either of the nitroso-group or of the hydro- 
carbon molecule. Such a conclusion was one which could not 
be accepted without the most stringent proof. 

The present authors therefore prepared the compound descr bed 
by Ingold and Weaver and observed in the first place that when 
in solution in weak methyl alcohol it was easily oxidised in the 
cold by ferric chloride, so that after subsequently diluting, extract- 
ing with ether, and evaporating the latter at the ordinary tem- 
perature, a marked odour of nitrosobenzene became perceptible. 
This rendered it highly improbable that an “ oxaimine ”’ ring was 
present. 

It was next proved that the compound was totally different in 
properties from N-phenyl-as-diphenylacetaldoxime, 

CHPh,*CH:NPh:O, 
which was made in small quantity from as-diphenylacetaldehyde 
and N-phenylhydroxylamine, melted at a much lower temperature, 
and gave phenylcarbylamine when heated. 

There remained only one conceivable explanation, namely, that 
the compound described by Ingold and Weaver had been formed 
as the result of a complex reaction in which a carbon atom had 
been lost, just as when styrene yields N-phenylbenzaldoxime 
(Ingold and Weaver, loc. cit., p. 1462). This idea could not, of 
course, be reconciled with the statement that the compound on 
thermal division gave benzophenoneanil and formaldehyde (loc. 
cit., p. 1461); but Ingold and Weaver did not specify the tests by 
which the formation of the latter was proved or the yield obtained. 
The compound when heated in an open test-tube certainly does give 
a pungent odour, but this is easily recognised as that of nitroso- 
benzene, evidently formed by a side reaction. 

The analytical figures found by Ingold and Weaver are in even 
better agreement with the formula of N-phenyldiphenylnitrone, 
CPh,:NPh:O, than with the formula (I) which they deduced. This 
nitrone had previously been made by Angeli, Alessandri, and 
Aiazzi-Mancini (Atti R. Accad. Lincei, 1911, 20, i, 546) by the 
oxidation of 8-phenyl-$-diphenylmethylhydroxylamine and later by 
Staudinger and Miescher (Helv. Chim. Acta, 1919, 2, 568) by the 
action of nitrosobenzene on diphenyldiazomethane. The present 
authors prepared it by both methods, and found it to be identical 
in all respects with the compound described by Ingold and Weaver. 
The tests used were: mixed melting points, crystalline form, 
general qualitative behaviour towards solvents, production of nitroso- 
benzene by oxidation with ferric chloride in the cold as well as 
by heating in a test-tube. 

It is clear, therefore, that nitrosobenzene acts upon as-diphenyl- 


DISTRIBUTION OF PYRIDINE BETWEEN WATER AND BENZENE. 2461 


ethylene in very much the same way as it acts upon styrene and 
allied compounds, and in this connexion reference may be made to 
the work of Alessandri (Gazzetta, 1924, 54, 426 et seq.). 

Conclusion.—It has already been shown that there is no evidence 
of the formation of four-membered rings at any stage during the 
reaction of nitrosobenzene with (a) methylenemalonic ester (this 
vol., p. 1747) or (b) methylenearylamines (ibid., p. 2234). The only 
remaining case investigated by Ingold and his co-workers and cited 
as an instance of four-membered ring formation proceeding in a 
direction contrary to the requirements of the theory of alternate 
polarities is the one dealt with in the present paper and here, as in 
the cases (a) and (b), such facts as have been fully established are 
in complete harmony with Robinson’s theory of polar reactions 
of nitrosobenzene (loc. cit.) and in general with electrochemical 
conceptions of organic chemical reactions (compare Lapworth, 
ibid., p. 228, and present paper). 
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CCCXXXV.—The Distribution of Pyridine between 
Water and Benzene. 


By Row.Lanp Marcus WoopMAN and ALEXANDER STEVEN CORBET. 


THE present paper deals with the distribution of pyridine between 
the two immiscible solvents water and benzene. The results given 
in the table and plotted on the triangular diagram show that the 
system water—pyridine—benzene constitutes an example of a pair 
of partly miscible liquids. 

Over the range 0—6% of pyridine in the total system, the ratio 
of the weight percentages of this liquid in the benzene and water 
layers is about 2-7. This ratio then decreases with increasing 
concentration of pyridine, the system behaving, over a long range, 
in accordance with the system water—phenol—benzene (Rothmund 
and Wilsmore, Z. physikal. Chem., 1902, 40, 611; Philip and Clark, 
this vol., p. 1274). Then the ratio, after reaching a minimum of 
0-8, rises again, finally to reach unity at the critical point. 

This behaviour is unusual, and results in change of direction of 
the slope of the tie lines. It is in good agreement, however, with 
the densities obtained for the layers, for the curve showing densities 
of layers against pyridine content is very similar to the triangular 
composition curve, the density tie lines showing the same changes 
of slope, and the critical points on both diagrams corresponding. 

Wright (Proc. Roy. Soc., 1892, 50, 372) gives triangle curves for 
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the system lead-tin-zinc which show the same changes of slope of 
tie lines, the curve at 650° especially behaving practically as that for 
the present system in this respect. He noticed that the upper tie 
lines converged together thus and regarded this as due to the 
formation of a definite compound of tin and zinc. A similar 
explanation of compound formation between solute liquid and one 
of the solvent liquids would possibly suffice for the present analogous 
system; it is worthy of note that the water layers, which were at 
first turbid, cleared with increasing concentration of pyridine, the 
benzene layers showing opposite behaviour. 


Fic. 1. 


Prrvidl 


— \ 
Benzene 


EXPERIMENTAL. 


The benzene was purified in the usual manner and boiled at 
80-35—80-5°. The pyridine was “ B.D.H. pure.” 

The densities of water, benzene, water saturated with benzene 
at 25°, and benzene saturated with water at 25° were all determined 
at 25°. The first and the third, and the second and the fourth, 
exhibited differences of a unit or so only in the third decimal place. 
For the purpose of the diagram, therefore, it could be assumed 
that no conjugate solutions were formed in the system benzene 
and water. 

Measured volumes of benzene, water, and pyridine were placed 
in stoppered graduated cylinders. The mixtures were maintained 
at 25° in a thermostat for 6 hours, and were vigorously shaken 
periodically. After a final shaking, the stopper was removed from 
a cylinder and, after allowing a further 5 minutes in the thermostat, 
the volumes of the layers were noted. 
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Known volumes of the two layers were then pipetted into tared 
flasks, further weighings making possible calculation of the densities 
of the layers at 25°. 

The pyridine was readily determined (in absence of ammonia or 
other bases) by titration with normal acid and methyl-orange 
(Allen’s “‘ Commercial Organic Analysis,’’ 1912, VI, 138). When 
much benzene was present, water was added to the sample, and the 
course of the titration observed in the aqueous underlayer. 

The estimation of the benzene (for which no accurate method 
could be found) was more difficult. Advantage was taken of the 
slight solubility of benzene in water. The pyridine present in a 
large sample having been neutralised, and a slight excess of acid 
added, the mixture was washed into a burette, and the volume of 
benzene noted, together with the temperature. A knowledge of 
the densities of benzene over the range 17—20° then allowed the 
calculation of weight percentages of the benzene in the layers. 
This procedure appeared satisfactory for the water layers, but 
experience showed that low results Were sometimes obtained for 
the benzene layers. As in six out of the ten examples given the 
amount of benzene in the water layer was practically negligible, 
and as in three of the remaining cases it was less than 5%, it was 
quite justifiable to calculate the benzene in the benzene layer, 


knowing the total benzene used in the experiments, the volumes 
and densities of the layers formed, and the densities of benzene at 
different temperatures. 


TABLE. 


a is the ratio of pyridine % in the benzene layer to the pyridine % in the 
water layer. 6 is the ratio of grams of pyridine in 1 litre of the benzene laye 
to grams of pyridine in 1 litre of the water layer. 


Benzene Layer. Water Layer. 

co se hai 

Density. %Py. %C,Hg,. Density. % Py. 
0-874 3-28 94-54 0-994 1-17 
0-882 9-75 87-46 0-995 3°55 
0-893 18-35 79-49 0-998 7:39 
0-903 26-99 71-31 0-997 13-46 
0-909 31-42 66-46 0-997 22-78 
0-911 34-32 64-48 0-996 32-15 
0-915 36-85 59-35 0-997 42-47 
0-918 39°45 56-43 0-990 48-87 
0-914 39-27 55-72 0-991 49-82 

—* 48-39 40-85 0-972 56-05 19-56 


* Total benzene layer 4 c.c. only. 
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CCCXXXVI.—A Circulation Apparatus for Gases. 


By Nitya Gopat CuHatTeRsI and Grorce Innate Finca. 


In the circulation apparatus used by Bone and his co-workers 
(J., 1902, 84, 1903) in their numerous investigations of catalytic 
gas reactions, the gas is kept in steady circulation by means of a 
specially designed automatic Sprengel pump. This apparatus has 
been extensively used in gas research 
ray B laboratories during the past 20 years, 
| and for most purposes is quite satis- 
factory. It needs, however, con- 
siderable attention, and its rate of 
circulation is rather slow; thus, for 
x. example, when it is attached to an 
apparatus of about 1500 c.c. capacity 
the fastest possible rate is one circu- 
lation in about 20 minutes. And in 
order to ensure a steady rate of 
circulation, which is independent of 
any fluctuation of the water supply, 
the latter must be controlled by a 
subsidiary device. We have recently 
devised a new type of circulating 
pump for laboratory purposes, which 
Professor Bone considers is such a 
decided improvement upon his 
original design that he is adopting 
it in his laboratories, and it is at 
his suggestion that we are giving 

the following account of it. 

The essential part of the apparatus 
consists of two small non-return 
mercury-sealed valves, which are 
alternately opened and closed by 

the periodic movement of a column of mercury. In the accom- 
panying diagrammatic sketch of the apparatus, V, and V, are 
the two valves, into which are fused two capillary tubes, A and 
B. A side tube from V, and the capillary A are joined to either 
side of the main apparatus through which the circulation is to 
take place. The capillary B joined to the side tube from V, com- 
municates with a long U-tube. A side tube at the lowest point 
of the bend of the U-tube is connected by means of rubber tubing 
to a mercury reservoir, R. The plunger, P, consisting of a wooden 
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rod, fitting loosely in C, is suspended from a cross-bar, E, rigidly 
fixed to a block of wood or metal sliding up and down between 
two vertical guides and driven by means of a crankshaft actuated 
by a geared-down motor. The U-tube is partially filled with 
mercury so that the downward movement of the plunger, P, dis- 
places it in both arms of the U-tube. As the mercury rises in 
D, it compresses the gas above it, and the passage being blocked by 
the rise of mercury in the capillary A, the gas bubbles out through 
the mercury in valve V,. On the other hand, when the plunger is 
withdrawn, the mercury descends in D, creating a partial vacuum 
above it, so that the gas is now sucked in through A, the capillary 
B being closed by the mercury in V,. Thus during one complete 
movement of the mercury column in D the gas is once sucked in 
through A and forced out through B, maintaining the circulation 
of the gas in the direction of the arrows. 

The circulation velocity of the gas depends in the main on the 
bore of the tube and the amplitude and rate of oscillation of the 
mercury column in it. In order to obtain the maximum velocity 
of circulation, the up and down motion of the plunger should 
synchronise with the natural period of oscillation of the mercury 
column in the U-tube. The length of the stroke of the mercury 
column can be altered either by raising or lowering the plunger, 
which is suspended from the cross-bar, E, by means of a length of 
2BA threaded rod, or the mercury reservoir R. 

In order that the apparatus may circulate efficiently, particularly 
at very low pressures, it is necessary to eliminate by the use of small 
bore tubing, as far as possible, all dead space above the column of 
mercury in D, without, however, impeding too much the flow of 
the gas. In valve V,, the inner tube terminates about 1—2 mm. 
below the side tube, and the ends of the capillaries in both valves 
are cut and not rounded in a flame, whilst the quantity of mercury 
in the bulbs is just sufficient to cover the ends. Taps T, and T, 
enable the apparatus to be evacuated or filled with gas without 
the mercury in the valves splashing over. The valves may be filled 
with mercury in situ ; and whenever necessary, the mercury levels 
may be adjusted to optimum positions by suitably manipulating 
the reservoir R, with the taps T, and T, closed, when mercury 
may be added to or siphoned off from B until the end of the inner 
tube is just covered. Any mercury introduced into V, during this 
operation automatically overflows through G when the mercury 
level in the U-tube is lowered. 

Several such circulation apparatus may be worked by a single 
motor, as a number of pistons may be attached to the same cross- 
piece. Three circulation apparatus of the type are at work in 
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these laboratories, two sets of four each and one of two. One of 
these has been in continuous work for more than 7 months, and 
the others for 4 months. With a U-tube bore of 1:5 cm., the 
maximum rate of circulation attained was 162 litres an hour. By 
adjusting the height of the plunger this could be cut down to a few 
c.c. per hour. With uniform movement of the plunger the rate of 
circulation is likewise uniform. The apparatus continues to circulate 
down to a pressure of 6 mm. of Hg. Ata pressure of about 3 mm., 
circulation ceases. 

The apparatus may be employed for the circulation of liquids. 

The mercury, since it is not agitated, and the circulating gases 
may be kept dry by phosphoric anhydride floating on the mercury 
in D and in the valves. This does not impede the smooth working 
of the apparatus. 

If static charges due to the friction between the mercury and 
the glass are removed by earthing the mercury contained in the 
valves and the U-tube, the mercury and the glass remain clean, 
and dust does not collect on the outside of the apparatus. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Soutn KENSINGTON. (Received, July 21st, 1925.] 


CCCXXXVII.—The Cyanine Dyes. Part IX. The 
Mechanism of the Condensations of Quinaldine 
Alkyliodides in Presence of Bases. 


By Wiit1am Hopson Miits and Ricnarp Raper. 


In a discussion of the differences of reactivity shown by methyl 
groups adjacent to the nitrogen atom in heterocyclic bases of the 
quinoline, isoquinoline, and thiazole series one of us and J. L. B. 
Smith (J., 1922, 121, 2724) were led to the view that the reactivity 
of the methyl group in a system of the type I was dependent upon 
the ability or inability of the system to pass over into the form II. 


(I.) cH (II.) 
4 / 


The reactivity of the methyl group on this view might be regarded 
as connected with the unsaturation of the nitrogen atom with 
which it was associated (compare Vorlinder, Ber., 1902, 35, 4145). 
But it was also emphasised in that paper that the reactivity of 
such methyl groups is greater in the quaternary salts of the bases 
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than in the bases themselves. The enhancement of the reactivity 
of the methyl group consequent on the addition of an alkyl group 
to the nitrogen atom called therefore for explanation, for this 
addition would be supposed to reduce the unsaturation to which 
the reactivity had been referred. 

Since the condensations in question of the quaternary salts are 
brought about by the influence of strong bases, such as piperidine, 
the view was advocated that the actual substances through which 
the condensations were effected were the alkyl derivatives (IV) of 
the methylene bases (II) formed by the removal of the elements of 
the acid from the quaternary salts by the base used as condensing 


ae ~. ox, av | 
(Iit.) \/ CH, + base \/ CH, (IV.) + base, HX 
NRX NR 


agent. The reactivity both of the bases and of their quaternary 
salts was thus referred to secondary products (II and IV) of the 
same type. 

On this view, in a solution containing, for example, quinaldine 
ethiodide, piperidine and a substance of the type X°O, such as 
benzaldehyde or nitrosodimethylaniline, interaction first takes place 
between the piperidine and the quaternary salt with the formation 
of a certain amount of methylene base and piperidine hydriodide. 
The reactive methylene base then condenses with the aldehyde or 
the nitroso-compound to form an intermediate basic product. 
Lastly, this reacts with the piperidine hydriodide formed in the 
first stage, regenerating piperidine and yielding the quaternary salt 
finally obtained. 


Ne ia (CY. 


e ( Y } 
a Poy at Se eee aaa 


“\/\ NO a cadaae fo, 


C:x -CH:X+C,H,,N 


| x 
LA 3 CH,—> OY: hince a 
NEt 


The view, to which the foregoing considerations thus lead, that 
the active agents in the condensations of quinaldinium salts are 
the methylene bases was first expressed on different grounds by 
Vongerichten and Héfchen (Ber., 1908, 41, 3054). They showed 
that quinaldine ethiodide behaves towards cold aqueous alkalis 
differently from the quaternary salts of quinoline, giving an oil 
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insoluble in water which readily’ dissolves in ether or benzene. 
They regarded this oil as a methylene base (V) formed thus: 


Cac 
VY — WZ 


and showed that it reacted with quinoline ethiodide in alcoholic 
solution to form ethyl-red (1: 1’-diethylisocyanine iodide). The 
importance of the part played by the methylene bases is also 
advocated by Konig (Ber., 1922, 55, 3301). 

We have made some experiments to test the view of the mechan- 
ism of the condensation of quinaldinium salts with aldehydes and 
with nitroso-compounds explained above and have been able to 
obtain evidence demonstrating the possibility of each step in the 
scheme suggested. 

(i). Methylene Bases.—The oils formed by the action of alkalis 
on quinaldine alkyliodides cannot be obtained analytically pure. 
We have been able to confirm the view that they are methylene 
bases by examining the product similarly got from $-naphtha- 
quinaldine methiodide, which is crystalline (Vongerichten and 
Héfchen, Joc. cit., state that the corresponding ethyl] derivative is 
solid). This substance was obtained in bright yellow platelets 
which gave on complete analysis numbers agreeing excellently with 


the formula VI. 
ys 


| | 
BS ia ae 
Aue 
e 
Further evidence respecting the oil resulting from the action of 
alkalis on quinaldine ethiodide has been obtained by examining its 
behaviour towards benzyl iodide. If the oil is a methylene base, it 
contains the grouping -N-C:C- and, in view of the exceedingly 
interesting work of Robinson (J., 1916, 109, 1038; see also Armit 
and Robinson, J., 1922, 121, 829) on the addition of alkyl halides 
to this grouping, it should then combine with benzyl iodide to 
form an ammonium salt in which the benzyl radical is attached, 
not to the nitrogen atom, but to the carbon atom in the 3-position 
with respect to it, thus : 


/<\ i ae 


i) | [| |. Ede | VII.) 
“Ag CH, + CH,PhI =| | Ag CH,CH,Ph I ( 


(VI.) 


od 
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The actual products of the reaction were, however, quinaldine 
ethiodide and dibenzylquinaldine ethiodide. 

This shows that the first stage of the reaction must proceed as 
shown above (i), but that the primarily formed benzylquinaldine 
ethiodide and unchanged methylene base then interact to yield 
quinaldine ethiodide and the benzylmethylene base (VIII) (reaction 
ii), and the latter then reacts again with benzyl iodide according 


a es F fo 3 


r may in Se | | leq. 
@ m+om =| A jon,+\ A. XcH-cH,Ph 
NEtI NEt (VIL) 
ANS 
(iii) (VIII) + CH,PhI = ‘ an //CH(CH;Ph), (Ix.) 


to Robinson’s scheme (reaction iii), giving the final product, 
dibenzylquinaldine ethiodide (IX). The formation of quinaldine 
ethiodide in the reaction is a sufficient proof of the occurrence of 
an interaction of the type (ii). 

To show that the last stage (iii) in this series of reactions can be 
realised, we prepared benzylquinaldine ethiodide (X) as indicated 
in the following scheme : 


4a sabi: ae wre a /N 
A Abs oa” \ AA, CE CHPh > \ A CHa CHPh 
NEtI NEtI (X.) 


and allowed the base obtained from it with sodium hydroxide to 
react with benzyl iodide. We found that dibenzylquinaldine 
ethiodide was again produced. 

Dibenzylquinaldine was previously unknown, but it has been 
synthesised by Mr. A. T. Akers and one of us (following paper). 
Its ethiodide proved to be identical with the product obtained by 
the action of benzyl iodide on the methylene base; the constitution 
of that product was therefore conclusively established. 

It is thus shown that when the bases obtained by the action of 
alkalis on quinaldine ethiodide, or benzylquinaldine ethiodide, are 
treated with benzyl iodide, quaternary ammonium iodides are ~ 
formed in which the benzyl groups are attached, not to the nitrogen 
atom, but to a carbon atom in the 3-position with respect to it. 
This demonstrates that these substances must contain as their 
essential reactive constituents bases in which an ethylenic linking is 
conjugated with the nitrogen atom thus: -N°C:C-, that is, 
they must contain, at any rate under the conditions of these 
experiments, the methylene bases of the type V and VIII. 
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The behaviour of 1-ethyl-2-methylene-1 : 2-dihydroquinoline 
towards benzyl iodide corresponds closely with that of 1 : 3 : 3-tri- 
methyl-2-methyleneindoline towards methyl iodide (Zatti and 
Ferratini, Gazzetia, 1891, 21, 326; Plancher, Ber., 1898, 31, 1492) : 

Mel 
CH <Qye> CCH, —> CpH,<C¥2>c:0Me,. 

(ii). Condensation of the Methylene Bases with Aldehydes.—When 
an alcoholic solution of the methylene base from quinaldine eth- 
iodide (1-ethyl-2-methylene-1 : 2-dihydroquinoline) is heated with 
dimethylaminobenzaldehyde, condensation takes place readily 
without the addition of any catalyst. The compound produced was, 
however, very unstable and could not be isolated, but it reacted 
immediately with one equivalent of hydrogen iodide to give the 
same purple dye, dimethylaminostyrylquinoline ethiodide (XII), 
as is produced when quinaldine ethiodide is heated with dimethy]- 


OCH*0,H,'NMe, 


> CO reorcanante (XI.) 
NEt 


|= 


OCH’C,H,’NMe, & 5 
“, —-> \ /CHCH-C,HyNMe, 


a 
NEtI (XII) 


aminobenzaldehyde in presence of piperidine. It is therefore 
probable that the substance first formed has the constitution XI. 

This conclusion was confirmed by an examination of the con- 
densation products obtained from the methylene bases derived 
from $-naphthaquinaldine methiodide and ethiodide, which are 
more stable and more easily manipulated. They are deposited 
from the reaction mixture as sparingly soluble, scarlet powders 
and have compositions closely approximating to those required by 
the formula XIV. 


+ piperidine MN 


i fs ‘a 
wy, a (XIITI.) 4 MD» JYN~. (BIV.) \ ae (XV.) 


H -C:;CHX -CH:CHX 
2 le lax VNR NRI 
¥ (X = C.H,-NMe,) 


The analyses show that they cannot contain oxygen as an essential 
constituent. They are therefore not betaine-like compounds of the 
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formula XIII (although these may well form the primary products 
of the reaction). They are immediately converted by hydriodic 
acid into the purple dyes of the formula XV, which are also formed 
by treating 6-naphthaquinaldine alkyliodides with dimethylamino- 
benzaldehyde and piperidine. If, as appears certain from the 
foregoing observations, the purple dyes are formed from the scarlet 
condensation products by the simple addition of the elements of 
hydrogen iodide, this addition can only have taken place in accord- 
ance with Robinson’s scheme. The hydrogen atom added will be 
that indicated by the clarendon type in formula XV and the 
constitution of the scarlet condensation products must be repre- 
sented by formula XIV. They are thus allene derivatives and 
have the instability characteristic of substances containing the 
allene grouping. 

Since these allene bases proved capable of abstracting hydrogen 
iodide from piperidine hydriodide, forming the purple dyes (XV), 
the evidence for the scheme on page 2467 seems complete. 

(iii). Production of Unsymmetrical 2 : 2’-Carbocyanines.—The 
methods previously available for the formation of dyes of the 
pinacyanole type enable the symmetrical members only of the 
class to be prepared, that is, those in which the heterocyclic nuclei 
are similar and similarly substituted. By taking advantage, 
however, of the great reactivity of the methylene bases, it is possible 
to prepare unsymmetrical 2 : 2’-carbocyanines. 

We found in the first place that the methylene base obtained 
from quinaldine ethiodide reacts with formaldehyde and quinaldine 
ethiodide to form pinacyanole. We then treated the same 
methylene base with formaldehyde and p-toluquinaldine ethiodide 
and thus obtained the unsymmetrical monosubstituted pinacyanole, 
6-methyl-1 : 1’-diethyl-2 : 2’-carbocyanine iodide (XVI), which acts 
as an exceedingly powerful photographic sensitiser for the red. 
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formaldehyde, the methylene base gave the unsymmetrical carbo- 
cyanine (XVII). 

Similar condensations could probably be also effected between 
the methylene bases, formaldehyde, and other quaternary salts 
containing a reactive methylene group such as lepidine ethiodide 
or l-methylbenzthiazole ethiodide. This method of preparing 
unsymmetrical carbocyanines is being investigated more fully. 


EXPERIMENTAL. 

1-Methyl-2-methylene-1 : 2-dihydro-8-naphthaquinoline (V1I).—The 
yellow base precipitated by the addition of sodium hydroxide to an 
ice-cold 1—2°% solution of $-naphthaquinaldine methiodide was 
extracted with ether and the ethereal solution, after drying with 
potassium carbonate, was concentrated until solid just began to 
separate. On cooling rapidly, the methylene base was deposited 
as bright yellow platelets, darkening at 80° and gradually decom- 
posing above that temperature (Found: C, 87-4, 87-1; H, 6-3, 6-3; 
N, 6-65, 6-6. C©,;H,,N requires C, 86-95; H, 6-3; N, 68%). The 
substance becomes bright green on exposure to air. In an exhausted 
desiccator decomposition is slower, but even under these conditions 
a tar is formed in a few days. 

Condensation of the Methylene Bases with Dimethylaminobenzal- 
dehyde.—The methylene base from §-naphthaquinaldine ethiodide 
(1-75 g.) was boiled for 1 hour with p-dimethylaminobenzaldehyde 
(0-75 g.) dissolved in rectified spirit (60 c.c.). The product separated, 
partly as a scarlet powder, partly as a nodular deposit on the flask 
which had an eosin-like lustre and gave the scarlet powder when 
ground up. It dissolves easily in benzene or chloroform, but is 
practically insoluble in the other common solvents (Found : C, 84-8, 
84:8; H, 6-8, 6-95; N, 7-5, 7-45. C,,;H,,N, requires C, 85-4; 
H, 6-8; N, 79%). 

The methylene base from $-naphthaquinaldine methiodide and 
dimethylaminobenzaldehyde gave a very similar product (Found : 
C, 85-5, 84-4, 85-5; H, 6-4, 6-5, 6-6; N, 7-5, 7-6, 7-3, 7-7. C,,H..N> 
requires C, 85:2; H, 6-5; N, 8-3%). 

Action of Hydriodic Acid on the Condensation Products.—The red 
powder (0-62 g.) prepared in the above manner from @-naphtha- 
quinaldine ethiodide was treated with 1 mol. of hydriodic acid 
(0-23 c.c. of acid, b. p. 126°) in hot aleohol. On cooling, p-dimethy]- 
aminobenzylidene-8-naphthaquinaldine (0-73 g.) crystallised, m. p. 
227—235°. 

For comparison, @-naphthaquinaldine ethiodide (1-75 g.) and 
dimethylaminobenzaldehyde (0-75 g.) were boiled in alcoholic 
solution with piperidine (3 drops) for 2 hours. On cooling the 
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resulting red solution the dye was deposited as lustrous needles, 
m. p. 231—235° (decomp.) (Found: I, 26-45. C,;H,;N,I requires 
I, 26-39%). The product thus formed was identical with that 
obtained by the addition of hydrogen iodide to the red powder; 
mixed m. p. 228—235°. Similarly, the methylene base from 
quinaldine ethiodide (5 g.) was boiled with p-dimethylamino- 
benzaldehyde (2 g.) in alcoholic solution (50 c.c.) for 20 minutes. 
After cooling and addition of hydriodic acid (1-2 c.c., b. p. 126°), 
the mixture became red and dimethylaminobenzylidenequinaldine 
ethiodide gradually crystallised, m. p. 247—248°, mixed m. p. with 
the compound formed by the condensation of quinaldine ethiodide 
with dimethylaminobenzaldehyde in presence of piperidine 247— 
248° (Found: I, 29-3, 29-6. Calc., I, 29-5%). 

Action of Piperidine Hydriodide on the Condensation Products.— 
To an alcoholic solution of piperidine hydriodide, prepared by 
adding a quantity of hydriodic acid just short of that required for 
neutralisation to piperidine (1-24 g.), was added the scarlet powder 
(3 g.) obtained from dimethylaminobenzaldehyde and the methylene 
base from §-naphthaquinaldine methiodide. After heating for a 
few minutes, the solution became purple-red and on cooling crystals 
(3-9 g.) were deposited. Recrystallised from pyridine, the substance 
was obtained as lustrous green platelets, m. p. 237—239°, which 
proved to be identical with the dye obtained by condensing 
8-naphthaquinaldine methiodide with dimethylaminobenzaldehyde 
by means of piperidine; mixed m. p. 238—239° (Found: I, 27-2. 
Cale., I, 27-25%). 

Addition of Benzyl Iodide to 1-Ethyl-2-methylene-1 : 2-dihydro- 
quinoline.*—The methylene base (1-65 g.) from quinaldine ethiodide 
was heated for 30 minutes with benzyl iodide (2 g.) in benzene 
(30 c.c.). On cooling, dark reddish-purple crystals (1-7 g.) were 
deposited consisting of quinaldine ethiodide, dibenzylquinaldine 
ethiodide (IX), and some isocyanine. The last was removed by 
extracting with acetone in a Soxhlet extractor and the two eth- 
iodides were then separated by treatment with cold chloroform. 
Dibenzylquinaldine ethiodide dissolved and quinaldine ethiodide 
was left. The quinaldine ethiodide had m. p. 238°, mixed m. p. 
with a specimen of the salt prepared directly from quinaldine and 
ethyl iodide 236° (Found: C, 48-1; H, 4-6. Calce., C, 48-2; H, 
4-6%). 

Dibenzylquinaldine ethiodide, obtained by recrystallising the 
residue left on evaporation of the chloroform from methyl alcohol, 
formed yellow prisms, m. p. 214—216° (Found: I, 26-5, 26-6. 


* In the work described in this and the following section we received 
assistance from Mr. A. T. Akers. 
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C.gH.,NI requires I, 26-5). The compound proved to be identical 
with that obtained from dibenzylacetone and o-aminobenzaldehyde 
(see following paper); mixed m. p. 216°. 

Benzylquinaldine HEthiodide——Quinaldine ethiodide (5 g.) dis- 
solved in alcohol (30 c.c.) was heated for 20 minutes with benz- 
aldehyde (2 c.c.) and piperidine (2 drops). On cooling, benzylidene- 
quinaldine ethiodide was deposited in yellow needles, m. p. 227-5— 
228°* (Found: I, 32-5. Calc., I, 32:8%). It was reduced to 
benzylquinaldine ethiodide by heating 1-25 g. under reflux with 
hydriodic acid saturated at 0° (7 c.c.), glacial acetic acid (4 c.c.), 
and red phosphorus (0-2 g.) for 10 hours. The liquid was evaporated 
under diminished pressure, a little periodide which had separated 
was removed, and ether was added, when a rapidly solidifying oil 
was deposited. Crystallised from methyl alcohol, the compound 
gave yellow needles, m. p. 172—173° (Found: C, 58-4; H, 5-05. 
Cy9>HapNI requires C, 58-6; H, 5:1%). This salt was also prepared 
by heating benzylquinaldine (Heyman and Ko6nigs, Ber., 1883, 16, 
2606) with the equivalent quantity of ethyl iodide for 90 hours at 
100°, but since benzylquinaldine is not readily obtainable the first 
described method is the better. 

Treated with sodium hydroxide and ether, benzylquinaldine 
ethiodide yielded an anhydro-base which, treated with benzyl 
iodide in benzene solution for 15 hours in the cold followed by 
30 minutes’ boiling, gave dibenzylquinaldine ethiodide, m. p. 213-5°, 
identical with the product obtained from dibenzylquinaldine, or 
from the methylene base from quinaldine ethiodide. 

6-Methyl-1 : 1'-diethylcarbocyanine Iodide——The methylene base 
(3-4 g.) from quinaldine ethiodide was heated for 20 minutes with 
p-toluquinaldine ethiodide (6-3 g.) and 37% formalin (1-5 c.c.) in 
boiling alcoholic solution (80 c.c.). A purple solution was formed 
which deposited felted masses of crystals on standing. These were 
treated with sulphur dioxide in hot methyl-alcoholic solution to 
decompose the periodide present and then recrystallised twice from 
methyl alcohol (Found: I, 25-5. C,,H,,N,I requires I, 25-7%). 
The dye sensitises.a gelatino- bromide plate up to 1 6950 for moderate 
exposures with maxima at 6400 and a 5500. 

5 : 6-Benzo-1 : 1'-diethylearbocyanine Bromide (XVI).— The 
methylene base from quinaldine ethiodide (5 g.) was heated for 
20 minutes with §-naphthaquinaldine ethobromide (5 g.) in 
alcoholic solution (80 c.c.) and 40% formalin solution (2-5 c.c.). 
On cooling, the crude dye was deposited as a purple, amorphous 

* Vongerichten and Héfchen, who prepared the compound by the addition 


of ethyl iodide to benzylidenequinaldine, give the m. p. as 216° (Ber., 1908, 
41, 3058). 
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powder. Purified by repeated crystallisation from methyl alcohol, 
it formed needles with a green metallic lustre giving a blue alcoholic 
solution. The air-dried product apparently contained a molecule 
of methyl alcohol of crystallisation. On attempting to remove this 
by heating in a vacuum at 110°, the compound lost bromine, 
presumably as ethyl bromide. The air-dried product was therefore 
analysed (Found: C, 70-2; H, 5-8; Br, 15-1. C,H,,N,Br,CH,O 
requires C, 69-9; H, 6-0; Br, 15-5%). 

The absorption spectrum in alcoholic solution is of the usual 
carbocyanine type with a main and two subsidiary bands. The 
bands are intermediate in position between the corresponding bands 
of pinacyanole and the carbocyanine from §-naphthaquinaldine 
ethobromide (5:6- 5’: 6’-dibenzo-1: 1’ - diethylcarbocyanine 


bromide). 
First Second 
Main subsidiary subsidiary 
band. band. band. 
Pinacyanole (1 : 1’-Diethylcarbocyanine 
iodide) 60704 §=6—«.: 5 625A = «5 192A 
5: 6-Benzo-1 : 1’ -diethylearbocyanine 
bromide - 6250 5750 5350 
5 : 6-5’ : 6’-Dibenzo-1 : 1’-diethylcarbo- 
cyanine bromide 6380 5880 5500 


Our thanks are due to the Department of Scientific and Industrial 
Research for a grant which has enabled one of us (R. R.) to take 
part in this work. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, August lst, 1925.] 


CCCXXXVITI.—Dibenzylquinaldine. 
By Wit11am Hosson Mints and ArRNoLD THomas AKERS. 


As described in the foregoing paper, the action of benzyl iodide on 
the methylene base obtained by the action of alkalis on quinaldine 
ethiodide resulted in the production of a compound, which from 
its composition and method of formation was regarded as the 
ethiodide of dibenzylquinaldine (I). 


Y\ /\ CHO CH, 
() <_ + | (II.) 
XN CECT EA \ Ana, OC-CH(CH,Ph), 


To confirm that view of its constitution the synthesis of this pre- 
viously unknown base was undertaken from o-aminobenzaldehyde 
and dibenzylacetone (II), according to the general method of 
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Friedlander for the synthesis of bases of the quinoline series (Ber., 
1882, 15, 2574). Dibenzylacetone, which also has not been pre- 
viously described, could not be obtained by the ketone fission of 
dibenzylacetoacetic ester, hydrolysis of which under various con- 
ditions gave only dibenzylacetic acid. It was, however, readily 
prepared by treating the amide of dibenzylacetic acid (Schneidewind, 
Ber., 1888, 21, 1328) with a large excess of magnesium methyl iodide : 


(CH,Ph),CH-CO-NH, “®“', (CH,Ph),CH-COMe. 


Both this reaction and the Faniieatie synthesis proceeded 
smoothly and the ethiodide of the resulting dibenzylquinaldine 
proved to be identical with the compound obtained by the action 
of benzyl iodide on the methylene base. The interpretation of 
the course of this interaction explained in the foregoing paper was 
thus established. 

In preparing dibenzylacetyl chloride for the purpose of obtaining 
the corresponding amide the observation was made that this acid 
chloride lost hydrogen chloride with remarkable ease when heated, 
forming a compound which was evidently benzylhydrindone (III), 
since it had ketonic properties, gr a semicarbazone. 


(\ /ACH,, \ Hy. 
UH: CH,Ph —> 


A CICO a0) \CO/ 


A proof of its constitution was obtained by showing that it was also 
formed by reduction of benzylidenehydrindone (IV) (Kipping, J., 
1894, 65, 498), a method of formation which leaves no doubt as to 
its structure. 


"OH: CH,Ph (II1.) 


CH,. CH. CH 
a » JVB 
O OH, al CX ‘C:CHPh =O) * CH-CH,Ph 


/\CO/Z CO” IV.) 4 COZ 


We subsequently found that the facility with which dibenzylacety] 
chloride lost hydrogen chloride had already been observed by 
Leuchs, Wutke, and Gieseler (Ber., 1913, 46, 2200) and that they 
had also demonstrated the constitution of the product, although 
in a less simple manner. 


EXPERIMENTAL. 


Dibenzylacetamide——When a solution of acetoacetic ester in 
absolute alcohol was treated with sodium ethoxide (1 mol.) and 
benzyl chloride (1 mol.) and the mixture after completion of the 
reaction was treated again in the usual way with the same reagents 
(1 mol. of each), the principal product was not dibenzylacetoacetic 


MILLS AND AKERS: DIBENZYLQUINALDINE. 2477 


ester * but dibenzylacetic ester, b. p. 209°/19 mm. (Found : C, 80-5; 
H, 7-4. Calc., C, 80-6; H,7°5%). The ester was readily hydrolysed 
by hot dilute alcoholic potash to dibenzylacetic acid, and we found 
this a more convenient method of preparing the acid than the 
hydrolysis of dibenzylmalonic ester (Bischoff and Siebert, Annalen, 
1887, 239, 92). 

To obtain the acid chloride (compare Leuchs, Wutke, and 
Gieseler, loc. cit.) the acid was heated on the water-bath for 4 hours 
with a slight excess of thionyl chloride. The product was then 
distilled rapidly under diminished pressure, when a nearly colourless 
oil, b. p. 197°/12 mm., was obtained (Found: Cl, 13-5. Cale., 
Cl, 13-7%). The acid amide (compare Schneidewind, loc. cit.) was 
obtained by pouring the crude acid chloride, without removal of 
the slight excess of thionyl chloride, into a large excess of ammonia 
(d 0-88) at O0O—5°. The precipitated amide after crystallisation 
from benzene had m. p. 128—129° (Found: C, 80:1; H, 7:1; 
N, 5-8. Calc., C, 80:3; H, 7-2; N, 59%). In this manner 30 g. 
of recrystallised amide were obtained from 40 g. of acid. 

as-Dibenzylacetone, (C,H;*CH,),CH°CO-CH,;.—To a solution of 
magnesium (14-8 g.) in methyl iodide (40 c.c.) and anhydrous ether 
was added solid dibenzylacetamide, and the mixture was boiled 
for 18 hours. After decomposition of the magnesium compound 
with ice and dilute sulphuric acid the ethereal layer was separated. 
On evaporation of the ether the ketone was left as an oil, b. p. 
120—122°/16 mm. (Found: C, 85-5; H, 7-65. C,,H,,0 requires 
C; 85:7; H, 7-6%). Yield 21 grams. 

Benzylidenedibenzylacetone, (C,H *CH,),CH*CO-CH:CH:-C,H,.—To 
an alcoholic solution (150 c.c.) of dibenzylacetone (3 g.) and benz- 
aldehyde (1-3 g.), 10% aqueous sodium hydroxide (3 c.c.) was 
added, and the mixture left for 3 days. The crystalline precipitate 
formed was recrystallised from alcohol; m. p. 66—67° (Found : 
C, 88-6; H, 6-7. C,,H,.0 requires C, 88-4; H, 6-75%). 

Dibenzylquinaldine (I1).—To an alcoholic solution of o-amino- 
benzaldehyde (1 part) and dibenzylacetone (2 parts) a little solid 
potassium hydroxide was added and the mixture was boiled for 
5 hours. Water was then added and the alcohol evaporated, when 


the product was deposited as a pasty mass which, after keeping 
for some days in a desiccator, partly crystallised. The crystals, 
separated and recrystallised from methyl alcohol, gave colourless 
needles, m. p. 74° (Found: C, 89-4; H, 6-5; N, 4-4. C,,H,,N 
requires C, 89-2; H, 6-5; N, 43%). Yield 50%. 
Dibenzylquinaldine Methiodide.—Dibenzylquinaldine was heated 


* This was obtained by Fittig and Christ (Annalen, 1892, 268, 124) by treat- 
ing acetoacetic ester with 1 or 1} mols. of sodium ethoxide and benzyl chloride. 
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with excess of methyl iodide for 24 hours at 100°. The crystalline 
deposit formed separated from methyl alcohol in yellow prisms, 
m. p. 204° (Found: I, 27-5. C,;H,NI requires I, 27-3%). 

Dibenzylquinaldine ethiodide was prepared similarly to the meth- 
iodide except that the heating was continued for 48 hours. Yellow 
prisms, m. p. 215—216° (Found: C, 64:9; H, 5-5; I, 26-7. Calc., 
C, 65:1; H, 5-4; I, 26-5%). The compound was identical with 
that obtained by the action of benzyl iodide on 1-ethyl-2-methylene- 
1 ; 2-dihydroquinoline. 

2-Benzyl-1-hydrindone.—Similarly to Leuchs, Wutke, and Gieseler 
(loc. cit.), we found that if in the preparation of dibenzylacetyl 
chloride, phosphorus pentachloride was employed, or if when using 
thionyl chloride the distillation was carried out too slowly or at 
too high a pressure, the chief product was benzylhydrindone 
(Found: C, 86-5; H, 6-3. Calc., C, 86-5; H, 63%). The semi- 
carbazone, crystallised from alcohol, had m. p. 198—199° (Found : 
N, 15-2. C,,H,,ON, requires N, 15-05%). 

Reduction of Benzylidenehydrindone.—Benzylidenehydrindone was 
prepared as described by Kipping (J., 1894, 65, 480) except that 
thionyl chloride was used instead of phosphorus pentachloride for 
the preparation of phenylpropionyl chloride and zinc chloride was 
employed instead of alcoholic potassium hydroxide for the con- 
densation of hydrindone with benzaldehyde, equimolecular quan- 
tities of the latter two compounds being heated together for 8 hours 
on the water-bath with a little anhydrous zinc chloride, and the 
product separated by dissolving in alcohol and pouring into cold 
water. The reduction of benzylidenehydrindone to benzylhydrin- 
done was carried out as follows: Benzylidenehydrindone (10 g.) 
was dissolved in a mixture of methyl and ethyl alcohol, and 3:3% 
sodium amalgam (300 g.) was added gradually during 4 hours, the 
mixture being kept neutral to phenolphthalein by the regulated 
addition of 50% acetic acid. After evaporation of the alcohol, 
water was added and the product was extracted with ether. It 
boiled at 222°/18 mm. and its identity with the compound formed 
by loss of hydrogen chloride from dibenzylacetyl chloride was 
shown by conversion into the semicarbazone (Found: C, 73:5; 
H, 5-6. Cale. for C,,H,,ON,, C, 73-1; H, 6-1%). The m. p. of this 
semicarbazone as well as the “ mixed m. p.” with the semicarbazone 
of the ketone obtained from diphenylacety] chloride was 198—199°. 

The analyses for carbon, hydrogen and nitrogen recorded in this 
paper were carried out by Mr. F. H. Flack. 


UnIvERsIty CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, August 1st, 1925.] 
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CCCXXXIX.—The Resolution of an Asymmetric 
Arsenic Compound into its Optically Active Forms. 


By Witu1am Hopson Miits and Ricuarp RaPER. 


In spite of the probability that corresponding compounds of 
nitrogen, phosphorus, and arsenic possess similar stereochemical 
configurations, numerous investigations have shown that for some 
reason it is not possible to demonstrate the molecular dissymmetry 
of the phosphonium and arsonium compounds in the same simple 
way as has been done for the quaternary ammonium salts. Thus 
in the case of the arsonium compounds the attempts to effect 
resolution carried out by Michaelis (Annalen, 1902, 321, 159) and 
Winmill (J., 1912, 101, 718) gave negative results. Similarly, 
negative evidence only was obtained in attempts to resolve arsine 
oxides made by Burrows and Turner (J., 1921, 119, 426), Aeschli- 
mann and McCleland (J., 1924, 125, 2025), and Aeschlimann (this 
vol., p. 811), although amine and phosphine oxides are readily 
resolved (Meisenheimer, Ber., 1908, 41, 3966; Meisenheimer 
and Lichtenstadt, Ber., 1911, 44, 356). The only positive result 
hitherto recorded is that of Burrows and Turner (loc. cit.), 
who succeeded in obtaining a solution of d-phenyl-«-naphthyl- 
benzylmethylarsonium iodide which showed a rotation of «p= 0:1° 
in a 2-dem. tube. It seemed to us, therefore, that in order to 
obtain satisfactory evidence that arsenic can behave as a centre 
of asymmetry, it would be advisable, in the first instance at any 
rate, to investigate some other type of compound of the element. 
We have therefore prepared and examined p-carboxyphenylmethyl- 
ethylarsine sulphide (I), and have found that it can be resolved 
into enantiomorphous modifications. This compound is closely 
related in structure to the tertiary amine and phosphine oxides 
obtained in optically active forms by Meisenheimer ; the procedure 
we have followed for effecting its resolution is, however, different. 
Meisenheimer made use of the basicity of the oxides for this 
purpose. Thus, in the case of methylethylaniline oxide, the 
separation was brought about through the diastereoisomeric salts 


| MeN < Gp [CH .Br80, We thought it advisable that the 


arsenic atom should be shielded as far as possible from disturbance 
in the processes of salt formation and decomposition involved in 
resolution experiments, and therefore chose a compound deriving 
its salt-forming capacity from a substituent carboxyl group. We 
regard the presence of the sulphur atom as the essential feature 
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which enables the molecular asymmetry of the compound to be 
demonstrated experimentally. The grouping R,R,R,As:S forms 
a chemically indifferent complex, free from the basicity characteristic 
of the arsine oxides (the sulphide used in these experiments did not 
form a hydrochloride), and whilst the corresponding oxygen com- 
pound shows only a feeble acidity, being presumably an internal 


salt, 0-CO-C,H,-AsMeEt-OH, this arsine sulphide carboxylic acid 
is strongly acidic and forms stable salts with the commoner 
alkaloids. 

p-Carboxyphenylmethylethylarsine sulphide (I) was prepared by 
oxidising p-tolylmethylethylarsine (II) to p-carboxyphenylmethy]- 
ethylarsine oxide (III) and treating the hydrochloride of this 
substance with hydrogen sulphide in aqueous solution (Michaelis, 


CH,CHyAsse =m, HO,C-CoHy Aspe B..8 
(II.) (1.) O 
HO,C-C,HyAs<Me 
vera TSN Et 
a.) S§ 


Annalen, 1902, 320, 306). It was resolved by the fractional 
crystallisation of its brucine and morphine salts. The specific 
rotation of the brucine salt of the racemic acid is [a], = — 5-8°. 
During twelve recrystallisations of the salt from water its specific 
rotation fell steadily until the value [«]3;, = — 19-65° was reached, 
although analyses showed that its composition remained unchanged. 
Two further recrystallisations gave values of [«]3,, = — 19-5° and 
— 19-6° respectively. The resolution was therefore considered to 
be complete, and the levorotatory acid obtained from the salt after 
removal of the brucine was regarded as the optically pure /-acid. 
Its specific rotation was not altered by recrystallisation, and it gave 
the following polarimetric constants : 


[«}2%, = —19-1°. [MP = — 52° (in alcohol). 
[a] = — 21-6°. [MM] = — 59° (in alcohol). 


The morphine salt was fractionated by dissolving it in alcohol and 
precipitating with ether. After four recrystallisations, a specific 
rotation of — 50° for the mercury green line was attained, and six 
further recrystallisations failed to change this. The d-acid set 
free from this salt gave values for the specific rotation which were, 
within the limits of the errors of observation, equal and opposite 
to those found for the /-acid. 
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ExPERIMENTAL. 


p-Tolylmethyliodoarsine.—p-Tolylarsenious oxide (50 g.) is dis- 
solved in a solution of sodium hydroxide (27-7 g.) in water (55 c.c.) 
and rectified spirit (220 c.c.), the liquid being kept cool. The 
solution is placed in a flask attached to a reflux condenser, and 
methyl iodide (28 c.c.) is added. After standing 24 hours, the 
alcohol is distilled off, the residue acidified with hydrochloric acid, 
potassium iodide (50 g.) added, and the solution saturated with 
sulphur dioxide. The p-tolylmethyliodoarsine separates as a dark- 
coloured oil, which is taken up in chloroform, dried with calcium 
chloride, and distilled in a vacuum. The distillate is a golden- 
yellow oil, b. p. 163—165°/12 mm., which solidifies on standing to 
canary-yellow needles, m. p. 29° (Found: C, 31:2; H, 3-1; I, 
41-15. C,H, IAs requires C, 31-2; H, 3-05; I, 41-25%). Yield, 
50 g. 

p-Tolylmethylethylarsine—p-Tolylmethyliodoarsine (100 g.) is 
dissolved in dry benzene (100 c.c.) and added slowly to a Grignard 
reagent prepared from magnesium turnings (10-4 g.), dry ether 
(200 c.c.), and ethyl bromide (31 c.c.). When the addition is com- 
pleted, the liquid is boiled 2 to 3 hours and poured on to ice. The 
whole is acidified with dilute sulphuric acid, and the ethereal layer 
separated off and dried with sodium sulphate. The solvents are 
removed, and the arsine distilled in a vacuum. It is a colourless 
oil, b. p. 117°/15 mm. Yield, 50 g. (Found: C, 57-1; H, 7:2. 
C,9H,,As requires C, 57-1; H, 7-1%). 

dl-p-Carboxyphenylmethylethylarsine Sulphide (1).—p-Tolylmethyl- 
ethylarsine (25 g.) is treated gradually with shaking with a solution 
of potassium permanganate (50 g.) in water (2 litres). The mixture 
is placed in a thermostat at 35° until the oxidation is complete 
(7—10 days). The excess of permanganate is removed by adding 
alcohol, and the filtrate from the manganese dioxide is acidified 
with hydrochloric acid and evaporated to dryness. The residue 
is taken up in water (400 c.c.) and the solution saturated with 
hydrogen sulphide. The precipitated sulphide, recrystallised from 
water, forms lustrous needles, m. p. 183°. Yield 10—12 g. 
(Found: C, 44-0; H, 4:8; As, 27-8. C, 9H,,0,SAs requires C, 44-1; 
H, 4-8; As, 27-6%). The compound is readily soluble in alcohol 
or chloroform, but insoluble in benzene, light petroleum, or 
ether. 

Brucine salt. Brucine (50 g.) and dl-acid (40 g.) were heated 
under reflux in absolute alcohol (500 c.c.) for 2 hours. The crystals 
deposited on cooling were collected and fractionally crystallised 
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from water. The following table shows the progress of the 
resolution : 


Gram of Gram of 
salt in - salt in ios 
No. of chloroform %45;. No. of chloroform  %545 ° 


recryst. (25 c.c.). J=2dem. [a]... recryst. (25¢.c.). l=2dem. [a}%.. 
Salt of 
dl-acid* 00-5000  —0-23° — 5-8° 7 0-4128 -—0-55 —166 
0-5322 —0:30 — 7:1 8 0-5167 —0-71 —17-2 
06120 —049 —10-9 9 05810 —0O8l1 —17-4 
0-5252 —0:52 —123 10 0-5625 —0:84 —18-6 
05730 —054 —11-8 11 05480 —0O-8l1 —18-5 
05837 —0-68 —148 12 05025 —0-79 —19-65 
—_ os — 13 05057 —0-75 —19-5 
14 05163 —0-81 —19-6 


* This was obtained by dissolving 0-296 g. of brucine and 0-204 g. of 
dl-acid in 25 c.c. of chloroform. The rotation of 0-296 g. of brucine in 25 c.c. 
of chloroform is a;4,, = 3-37°. 


& om Ww bo 


The composition of the salt remained constant throughout the 
fractionation, the values obtained from the crops in the Ist, 4th, 
5th, 7th, and 12th recrystallisations being C, 58-4, 58-2, 58-0, 58-1, 
58°3; H, 6-0, 6-2, 6-15, 6-1, 6-0; N (7th recryst.), 4-9; As (7th 
recryst.), 11-4. C,H 0,N,SAs requires C, 59-5; H, 5:9; N, 4-2; 
As, 11-3%. 

1-p-Carboxyphenylmethylethylarsine Sulphide.—The final fraction 
of the brucine salt was shaken with excess of sodium hydroxide and 
chloroform, and the aqueous layer extracted four times with chloro- 
form to ensure complete removal of the brucine. The solution of 
the sodium salt was kept ice-cold and acidified with hydrochloric 
acid, the l-acid collected, washed with water, and dried. It was 
recrystallised by dissolving in chloroform and precipitating with 
light petroleum; m. p. 175—177° (Found: C. 440; H, 4:7. 
C,)H,,0,SAs requires C, 44-1; H, 48%). 

05753 g. made up to 50 c.c. with absolute alcohol gave the 
following measurements in a 6-dem. tube at 20°: 


ay = —1-31°; [a] = — 19-1°; [MI = — 52°. 
a, = —1-49°; [apy = —21-6°; (MP, = — 59°. 


Morphine salt. Morphine (40 g.) and dl-acid (40 g.) were heated 
under reflux in absolute alcohol (500 c.c.) for 2 hours. The solution 
was filtered, allowed to cool, and ether (400 c.c.) was added. The 
morphine salt (64 g.) was fractionated by dissolving in absolute 
alcohol, filtering, adding ether until the solution became turbid, 
warming, and allowing to stand. The following table shows the 
progress of the resolution : 
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Gram of salt Gram of salt 


No. of inalcohol  ag4o;. No. of inalcohol agg. 
recryst. (25c.c.). %U%=2. [a]sqg,;. recryst. (25c¢.c.). U%=2. [a]sqe;- 
Salt of 5 0-3282  —1-30° —49-6° 
dl-acid* 0-55 —2-86° —64-9° 6 — os = 
1 0-3000 —1-:36 —56-8 7 0-2980 —1-23 —61-6 
2 0-4714 -—201 —53-4 8 — —- — 
3 0-3572 —2-28 —53-8 9 0:2077  —0O-79 —47-5 
4 0-3104 —1-26 —50°8 10 0-2100 —0-86 —65l-1 


* Obtained by dissolving 0-28 g. of morphine and 0-27 g. of dl-acid in 
25 c.c. of absolute alcohol. 


d-p-Carboxyphenylmethylethylarsine Sulphide.—The final fraction 
of the morphine salt was shaken with chloroform and successive 
quantities of dilute sulphuric acid until the latter extracted no 
more morphine. The chloroform solution was dried with anhydrous 
sodium sulphate, and the d-acid was precipitated by adding light 
petroleum. 

0-3530 g. made up to 15 c.c. with absolute alcohol gave the 
following measurements in a 2-dem. tube at 20°: 


aso = + 0-90°; [a]sro = + 19-1°; act, = + 098°; [a]ta = + 21°. 


The acid was recrystallised by dissolving in absolute chloroform and 
precipitating with light petroleum; m. p. 175—176°. 

0-2560 g. made up to 15 c.c. with absolute alcohol gave the 
following measurements in a 2-dem. tube at 20°: 


a, = + 0-64°; [apt = + 18-7°; [MI = + 51°. 
a = + 0-76°; [a2%, = + 222°; [MP = + 60°. 
ay = + 1-33°; [fy = + 39-4°; [IR = + 107°. 


(Found : C, 44-25, 44-3; H, 49,48. OC, 9H,,0,SAs requires C, 44-1; 
H, 4:8%). 


The authors wish to express their thanks to the Chemical Society 
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CCCXL.—The Production of Oxide Films on Copper 
at the Ordinary Temperature. 


By Unick RiocHarpson Evans. 


WHEN copper is exposed to air at high temperatures, the oxidation 
proceeds rapidly at first, but soon slows down, since the film first 
produced restricts the access of oxygen to the metal below; never- 
theless a layer of scale of appreciable thickness is quickly formed. 
At low temperatures, diffusion through an oxide film is much slower, 
and thickening soon becomes sluggish; the films produced at about 
200° have thicknesses comparable with the wave-length of light, 
and interference tints therefore appear on the surface. The sequence 
commences: Brown, reddish-mauve, blue, greenish-silver; then 
follow the “second order” colours yellow, rose, blue, green; one 
can usually observe a further alternation between rose and green, 
before the tints pass into the dull pinkish-grey which is probably 
the characteristic colour of the oxide. 

At the ordinary temperature, copper can be exposed to dry, pure 
air for a long time without any visible change at all. It is considered 
by Tammann that an invisible oxide film at least one molecule 
thick is formed rapidly, but that this layer is practically impervious 
to oxygen at low temperatures, and soon ceases to thicken. 

Recently the author (Ind. Eng. Chem., 1925, 17, 363) found that 
colours of every hue, due to oxide films, could be produced at 
the ordinary temperature on copper (and also on brass, lead, zinc, 
and steel) by the combined action of oxygen and cathodic treatment—a 
combination which seems to render the oxide film less protective, 
and so allows the rapid attainment of visible thickness. These 
tints were first noticed on the “aerated zones” of corrosion- 
specimens exposed to the non-uniform action of oxygen, the electric 
current being produced by “ differential aeration.” Afterwards 
the tints were obtained with current supplied from an external 
source. 

The stimulation of film-formation by a combination of oxidising 
and reducing conditions had previously been noted by Hinshelwood 
(Proc. Roy. Soc., 1922, A, 102, 318), who had exposed copper 
alternately to oxygen and hydrogen at 233°; the oxygen produced 
a film of oxide, and the hydrogen reduced this to metal; on each 
successive oxidation, oxygen was taken up with increasing rapidity, 
probably on account of the porous character of the reduced copper. 
Similarly Palmer (ibid., 1923, A, 103, 444) found that a mixture 
of oxygen and hydrogen caused the oxidation of reduced copper 
more quickly than did oxygen alone. But these experiments all 
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referred to elevated temperatures, and it seemed desirable to study 
in greater detail the formation of visible films at the ordinary 
temperature. 

Materials and Apparatus——Kahlbaum’s pure electrolytic foil of 
1 mm. thickness was employed, the superficial oxide being removed 


Fic. 1. 


Purified 


Ar 
—_— > =. 


1 

J, Glass bell-jar. H, Ground-glass plate. S, Rubber stopper. W,, We, 
Electrical leads. D,, D,, Brass clamp terminals. E, Electrolysis vessel. A, 
Anode. C, Cathode. K,, K,, Supports of stout copper holding air-delivery tube 
in correct position. lL, Delivery tube for liquid. G, Tube for delivering air, and 
withdrawing liquid. M,, Mg, Thermometers. F, Frame of glass tubing for hold- 
ing cathode taut. T,, Three-way tap for evacuating flask, and admitting purified 
air. T,, Three-way tap for admitting and withdrawing liquid. P,, P,, Screw 
regulating valves. B, Battery (two accumulators). R, Variable resistance. 
G, Ammeter. , 


with emery (FF).* Kahlbaum’s sodium hydroxide, prepared from 
sodium, was used for the solutions. 

The electrolysis was conducted in a rectangular trough (E) 
7x 5 x 9-5 em. (Fig. 1), the electrodes (C and A) being clamped 


* Washing the ground surface with alcohol and benzene did not affect 
the velocity of coloration. Colours can also be obtained on rouge-polished 


copper. 
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against the walls of the trough. In the earlier “ open-vessel ” 
experiments, this trough stood on the laboratory bench, and the 
liquid in it was undoubtedly kept in circulation by convection 
currents, which were perhaps rather exceptionally vigorous, 
since the work was conducted in very hot weather in a room immedi- 
ately below the roof. In the “ closed-vessel ’’ experiments, the 
electrolysis vessel, E, was enclosed below the bell-jar, J, which was 
cemented to the ground-glass plate, H, by tap-grease. The whole 
apparatus was immersed in a thermostat bath. By suitable oper- 
ation of the taps T, and T, it was possible (1) to exhaust the apparatus, 
(2) to fill the electrolysis vessel with N/10-sodium hydroxide from 
the “ reservoir-flask,” (3) to draw in purified air (which entered 
through five vessels containing sodium hydroxide, dilute sulphuric 
acid, sodium hydroxide, Nessler solution, and lead acetate respec- 
tively), and (4) to draw off portions of liquid as required. 

Open-vessel Experiments.—Preliminary trials with various solu- 
tions indicated that NV /10-sodium hydroxide was most suitable. At © 
very low current densities (0-1 m.a./sq.cm.), colours could be obtained 
near the water level, during electrolysis itself. But it was found 
more convenient to apply a current density sufficient to produce 
evolution of hydrogen gas over the cathode; the metallic surface, 
which was then unchanged in appearance when the electrolysis 
ended, acquired coloration on standing. 

In early experiments, electrolysis was continued for 5 minutes 
at 2-5 m.a./sq.cm. After this time, 10 c.c. of liquid were sucked out 
so as to lower the water-level, and similar quantities removed at 
intervals, usually of 3 minutes. When the vessel had been completely 
emptied, the cathode was always found to be coloured differently 
in the various zones. The uppermost zone, which had emerged 
as soon as electrolysis terminated, was unchanged, but below this 
appeared colours depending on the period of immersion after the end 
of electrolysis; the order was exactly the same as in high-temper- 
ature tinting. Sooner or later the colour ceased to change further, 
although a prolonged exposure of about 12 hours produced patches 
of dull brown oxide on the lower parts of the surface. 

The alteration in hue occurred sharply at each successive position 
of the water level; the metal, when once it had emerged above the 
water line, ceased to change colour further, even where it was still 
wet with a film of liquid, although the immersed portion continued 
to develop. It was, indeed, found that if, after a portion of the 
electrode had emerged from the liquid, it was again submerged by 
reintroduction of liquid into the trough, no further colour change 
occurred on those parts which had been exposed to the air. 

If, immediately after the cessation of electrolysis, part of the 
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cathode was wiped vigorously with a glass rod, a rubber-tipped 
rod, or another piece of copper, the part so treated lost its power of 
colouring, and the place remained unchanged long after the whole 
of the rest of the cathode had become tinted; when at last a change 
set in over the wiped area, only a dirty yellowish-grey or brown 
colour appeared. Vigorous stirring of the liquid also prevented 
the formation of colours beyond the first brown. 

The time required to produce coloration varied considerably in 
different experiments; and the period which elapsed between 
grinding and electrolysis seemed to be an important factor. In one 
case where grinding was performed just before the introduction 
into the bath, parts of the cathode failed to colour at all. This 
suggested that the presence of a thin invisible oxide film on the 
electrode before electrolysis might be favourable to the production 
of colours. It was difficult, however, to prevent coloration entirely 
by grinding alone, and attention was directed to the possi- 
bility of removing the hypothetical invisible oxide film by acid 
treatment, just before electrolysis. To prevent reoxidation, it 
was decided to plunge the cathode into the bath with the acid 
still adhering; a few drops of acid would quickly be neutralised by 
the large excess of alkali in the bath. Accordingly, isolated drops 
of acid were placed on part of the cathode surface; the electrode was 
then plunged into the electrolysis bath, and the current at once 
turned on. The parts wetted with acid were clearly distinguishable 
after the commencement of electrolysis, since hydrogen bubbles 
occurred here many seconds before they appeared on the main 
portion (owing, no doubt, to the high local hydrion concentration) ; 
the shapes of these areas were sketched on paper. After about 30 
seconds, hydrogen evolution became general over the whole surface. 
When the electrolysis was over, and the copper was allowed to colour, 
the centre of the acid-treated areas became tinted, but around the 
limits of the acid-treated areas were belts of unchanged copper, 
showing no colours whatever. Numerous other experiments, 
performed in different manners (both with N- and 5N-acid), gave 
confirmatory results. 

Separate experiments were then made on the action of dilute 
sulphuric acid (both N and 5N) on copper covered with a visible 
film of cuprous oxide obtained by heating in air. A drop of acid 
placed on the oxidised surface produced black, spongy copper 
(due to the instability of cuprous sulphate); but as the drop spread 
slowly outwards over the oxidised surface, a zone of clean bright 
copper was produced at the edge of the drop, the copper being precip- 
itated preferentially on the nuclei of spongy copper already present 
in the central portion. Combining this result with that of the 
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previous experiment, it becomes evident that compact copper which 
is quite free from oxide and from porous copper is not easily rendered 
colourable by cathodic treatment ; but that porous copper, whether 
produced by the action of acid or by cathodic action on an invisible 
oxide film, makes the surface readily colourable. 

A strip of freshly ground copper was heated in a flame along the 
left-hand edge, so as to produce a narrow brown rim, the rest of 
the strip being unchanged in appearance, although probably 
covered with an oxide film too thin to give the first oxidation tint. 
The strip was then subjected to cathodic treatment in the ordinary 
way, and allowed to colour. The coloration occurred most quickly 
at the left-hand edge, the colours appearing more and more slowly 
as the right-hand side was approached. The effect, however, 
extended far into the region wherein no visible alteration had occurred 
when the copper was heated. Evidently the presence even of an 
invisible oxide film is a favourable condition for subsequent cathodic 
coloration. 

Parallel experiments showed that copper which had been ground 
and heated in dry air for 4 hour at 95° coloured much more quickly, 
and also more uniformly, than freshly ground copper. The heating 
at this temperature—in the absence of moisture—did not in itself 
cause any alteration in the appearance of the copper, and was 
adopted as preliminary treatment before all the “ closed vessel ” 
experiments. 

Experiments with non-uniform current density showed that 
the colouring was essentially independent of the current density. 

Closed-vessel Experiments in the Thermostat Apparatus.—When a 
zinc anode was employed (to avoid the anodic production of oxygen), 
it was found possible—by continuing the exhaustion of the bell-jar 
throughout the experiment—to prevent any coloration other than 
a pale brown. But when the apparatus was filled with purified air, 
the colours appeared quickly after the termination of electrolysis, 
showing that the production of tints is not due to any atmospheric 
impurity, such as hydrogen sulphide. | 

Under thermostatic conditions, the colours produced without 
stirring were not uniform, the colour near to each position of the 
water level being more “ advanced ” than that below. This was 
clearly due to the fact that oxygen reached the metal close to the 
water level more readily than it reached the part well below the 
surface. A similar lack of uniformity in each zone had been noticed 
in some of the experiments made in open cells (no doubt when the 
convection currents were not adequate to circulate the oxygen); 
but it became a serious problem when the closed-vessel experiments 
were commenced, for under thermostatic conditions ordinary thermal 


ON COPPER AT THE ORDINARY TEMPERATURE. 2489 


convection and also “ Adeney streaming ”’ (Phil. Mag., 1923, 45, 
835) were excluded. 

To obtain uniformity of oxygen concentration throughout the 
liquid, it was decided to bubble the air cautiously through the liquid 
(violent bubbling would destroy the colouring power of the cathode) ; 
under any conditions, coloration proceeded up to a point, and then 
no further change of tint occurred. Experiments wherein four 
cathodes, which had received electrolytic treatment for different 
periods, were simultaneously exposed to dissolved oxygen showed 
that the longer the time of electrolysis, and the more gentle the 
stirring, the more advanced was the final tint attained. On the 
other hand, thorough stirring gave brighter and more uniform colour 
than gentle stirring. In one experiment, conducted at 17-7°, with 
gentle stirring produced by electrolytic gas (a subsidiary cathode 
being provided below the anode), the cathode electrolysed for 20 
minutes reached the second-order red; that electrolysed for 10 
minutes attained greenish-grey (first order); that electrolysed for 
5 minutes reached reddish-brown (first order), whilst that electrolysed 
for only 1 minute was nearly unchanged, being only slightly brown. 

A more satisfactory method of obtaining the advanced colours 
consisted in blowing dried air on to the liquid surface from a tube 
just touching the liquid; this produced tremors over the surface, 
without causing bubbles to rise through the liquid. In one experi- 
ment, four cathodes were subjected to electrolysis for 20, 10, 5, and 
2 minutes respectively. Liquid was then withdrawn at intervals, 
air being blown on to the surface between the occasions of removal 
at the rate of 200 c.c. per minute; the temperature was kept within 
0-1° of 21-:7°. The cathode which had received 10 minutes’ 
electrolysis became red-brown in 2 minutes, bluish-mauve in 4 
minutes, and blue in 6 minutes. It then passed through green-grey 
and reached the second-order yellow in 16 minutes, and then passed 
through pink to bluish-grey, which was the final tint attained. The 
cathode electrolysed for 20 minutes developed slightly faster, and 
those electrolysed for 5 minutes or 2 minutes rather slower. But in 
all cases second-order tints were reached. 

Mechanism of Cathode Coloration.—There seems no doubt that the 
colouring agent is hydrogen stored in the copper; through alternate 
oxidation and reduction, the film will tend to be more porous than 
that obtained in the absence of hydrogen, and thus visible thickness 
will be reached. The charge of hydrogen will depend on the time 
of electrolysis, but not on the current density (which has little effect 
on the over-potential, that is, on the supersaturation at the surface) ; 
this explains the effect of time of electrolysis on the final tint attained. 


Stirring and withdrawal into air will allow the hydrogen to escape 
; 4 o* 
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before it has done its work, and will thus destroy the colouring 
power. 

It remains to explain why an invisible oxide film is favourable 
to subsequent coloration. Nearly all heterogeneous reactions com- 
mence at nuclei and spread out from them. It seems likely that at 
high temperatures the oxide nuclei produced on metal exposed to 
air are so close together that the oxide phase extending from the 
different nuclei soon comes to form a film of practically constant 
thickness. But at low temperatures, the “ nucleus number ”’ is 
doubtless much smaller; if the surface layer consists of ordinary 
compact copper, the oxidation, extending from sparsely distributed 
points, will fail to produce a film of constant thickness—at least for a 
considerable time. But a layer of porous copper with a true surface 
vastly exceeding the apparent surface will yield a far greater number 
of nuclei per unit apparent area, and the film formed may then quickly 
reach an approximately uniform thickness of the order needed to 
give interference colours. ‘This also explains why wiping the surface 
(which will remove the spongy copper) destroys the colouring power. 

Experiments on the Anodic Oxidation of Copper in N/10-Sodium 
Hydroxide at Different Current Densities—At 3-5 m.a./sq.cm., 
oxygen was evolved on the copper anode, which in 16 hours under- 
went no important change over the immersed portion; but two 
thin dark lines appeared just above and below the water level, as 
though the protective oxide film which prevented attack elsewhere 
had here broken down (the water level is the usual place for such a 
break-down. Compare U. R. Evans, J. Soc. Chem. Ind., 1925, 
44, 1637). There was also some velvety black deposit on the back 
where the electrode touched the glass. Black cupric oxide had 
collected as a loose precipitate on the bottom of the trough, whilst 
a very adherent black layer had been produced on the glass on each 
side of the electrode at the water level. The liquid was found, 
after filtration, to contain copper. Apparently at the water line 
the copper had passed into solution as sodium cuprate, which hydro- 
lysed, yielding cupric oxide, partly in the liquid, partly on the surface 
of the glass, and to some extent on the copper also. Electrolysis 
at 1 m.a./sq.cm. yielded similar results. 

At 0-25 m.a./sq.cm. the behaviour was quite different. No 
oxygen bubbles appeared on the anode, which began to turn brown 
within 6 minutes; after an hour it was wholly covered with a velvety 
black deposit. At the end of 5 hours, the anode was taken out and 
dried. The velvety deposit had a matt sooty character, the lustre 
of the copper being lost; the appearance suggested that the sooty 
deposit was a secondary product—not due to direct oxidation. 
Very possibly—when the current density is insufficient to produce 
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passivity—the copper suffers anodic attack, yielding sodium cuprate, 
which (in the absence of the stirring due to oxygen evolution) 
decomposes in contact with the copper itself, yielding the velvety 
black deposit of oxide. An experiment at 0-1 m.a./sq.cm. gave a 
similar result. 

Several experiments were performed also with mechanically 
stirred electrolyte. An experiment at 0-1 m.a./sq.cm. produced 
colours on the anode as well as on the cathode. The colours on the 
anode appeared in the same sequence as those on the cathode, and 
in the well-stirred solution were quite brilliant. It seems quite 
possible that even these brightly coloured anodic oxide films may 
be produced by decomposition of cuprate. 

Blank specimens to which no external current was applied showed 
no change in the time (4 to 2 hours) required to produce advanced 
colours on cathode and anode. But copper strips half-immersed 
in N/10-sodium hydroxide for one night showed the familiar 
“ differential aeration phenomena.”’ The upper (cathodic) part to 
which oxygen had best access merely acquired a brown tarnish, 
whilst the lower (anodic) portion became covered with a black matt 
deposit; there were narrow black lines along the water level. 

The Effect of an Invisible Oxide Film on the Chemical Behaviour 
of Copper.—Further information on this point was obtained by 
means of silver nitrate—a plan suggested by the work of Dunstan and 
Hill (J., 1911, 99, 1853) and that of Bengough and Hudson (J. Inst. 
Metals, 1919, 21, 107). Copper exposed to dry air for 17 hours was 
darkened by N/25-silver nitrate much less quickly than freshly 
ground copper ; exposure to carbon dioxide had no such effect, which 
must be attributed, therefore, to oxidation, not to self-annealing. 

A strip of copper was held in pliers at one end and the other end 
brought over the flame of a burner, so as to give the ordinary sequence 
of colours. After cooling in a desiccator, an area at the unheated 
end was again ground with emery, and the whole length of the strip 
was dipped under N/25-silver nitrate. The freshly ground portion 
blackened immediately, whilst at the other end the area covered by 
very thick scale began to develop glittering crystals of silver within 
10 seconds, probably owing to cracks in the scale. But after 
35 seconds the area covered by the first-order tints, and also the 
region adjacent to the first-order brown upon which no tint was 
visible, were practically unchanged apart from a very few, tiny 
crystals of silver. The protective action of the invisible film was 
here very clearly marked. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, August 17th, 1925.] 
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CCCXLI.—The Electrical Conductivity of Phosphorus 
Pentachloride. 


By Grorer WittiaM Fraser Hotroyp, Harry CHADWICK, 
and JosepH Ernest Hatstgap MITCHELL. 


Asout 2 years ago, one of us (G. W. F. H., Chem. and Ind., 1923, 
348) suggested that when phosphorus trichloride (I) combines with 
chlorine it is probable that the ions (II) and (III) are produced. 
a -Cle 
sci: SIP: 
:C1:P:Cl: Cl: :Cl: 
(II.) (III.) 

In this connexion, using a cell with a constant of about 0-6 and 
applying an #.M.F. of 6 volts, we found that a saturated 
solution of phosphorus pentachloride in nitrobenzene gave a current 
of 0-009 amp., a 1-5% solution of hydrogen chloride in nitrobenzene 
gave 0:0007 amp., phosphorus trichloride introduced into nitro- 
benzene with no special precautions to exclude moisture gave a 
just perceptible current, whilst the following gave no current: 
(1) nitrobenzene; (2) solutions of phosphorus pentachloride in 
(a) ethylene dibromide, (b) benzene, (c) phosphorus trichloride; 
(3) hydrogen chloride in ethylene dibromide; (4) hydrogen chloride 
in phosphorus trichloride. 

Plotnikov (Z. physikal. Chem., 1907, 48, 220) observed that 
phosphorus pentabromide dissolved in bromine conducted the 
current, but he states (Chem. and Ind., 1923, 750) that phosphorus 
is formed at the cathode and combines with the bromine to form 
pentabromide. 

We propose to examine the nature of the ions formed in the 
case of the pentachloride, and to examine the solution of this 
substance in nitrobenzene in other respects, and desire to reserve 
this field of investigation for the present. 


EXPERIMENTAL. 


The chlorides of phosphorus were prepared in the following 
manner. Yellow phosphorus was melted in a stout tube, and 
water which rose to the surface was removed with filter-paper. 
The phosphorus was sucked up into a glass syringe, where it was 
allowed to solidify. The narrow nozzle of the syringe was passed 
through a rubber stopper into a tube from which dry nitrogen was 
issuing. Into this tube the phosphorus was discharged. From 
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this tube the phosphorus was distilled in dry atmospheric nitrogen 
into a receiver. From the latter the phosphorus was run into a 
second tube, which was then sealed off from the receiver, and 
from which the phosphorus was Fic. 1. 
again distilled in dry atmo- 
spheric nitrogen and collected 
in bulbs holding 0-5 to 5 g. of 
phosphorus. These bulbs were 
then sealed off, cleaned, and 
introduced into the tube A (see 
Fig.). The latter was sealed off, 
filled with dry nitrogen, and the 
bulb was broken with the help 
of a magnet acting on F. 
Chlorine, prepared from di- 
chromate and hydrochloric acid 
through which hydrogen chlor- 
ide had been passed to expel air, 
was washed and dried and 
passed over the phosphorus in 
such quantity as to form the 
trichloride or the pentachloride. 
In the latter case, excess chlorine 
was expelled by dry nitrogen. 
The inlet and outlet tubes were 
then sealed, and the cell below 
the diaphragm was filled with 
nitrogen and sealed. 
For solutions of phosphorus 
pentachloride in nitrobenzene, 
the latter was introduced into 
the cell before sealing. Com- c 
munication between the tube bie 7 
oaeckneae eg Ra ar 
The phosphorus had a great D, diaphragm ; C, conductivity celll ; 
tendency to remain liquid after T*#¢tion chamber ; £, similar to F. 
being sealed up in the bulbs, remaining liquid in one bulb for more 
than 6 months. 


THe Mounicrpat TECHNICAL COLLEGE, 
BLACKBURN. [Received, August 26th, 1925.] 
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CCCXLII.—The Occurrence of Sylvestrene. 
By B. Sangrva Rao and Jonn LIoNEL SIMONSEN. 


Ir has been shown in previous communications (J., 1920, 117, 
571; 1922, 121, 2294; Ind. For. Rec., 1924, 10, 161) that it is a 
characteristic property of d-A®-carene and d-A‘-carene to yield 
on treatment with hydrogen chloride a mixture of sylvestrene 
dihydrochloride and dipentene dihydrochloride, the'dicyclic system 
being disrupted by fission of the cyclopropane ring. To students 
of terpene chemistry the occurrence in nature of the hydrocarbon 
sylvestrene has always appeared to be somewhat anomalous, because 
it is the only naturally occurring terpene derived from m-cymene, all 
the other members of the group being p-cymene derivatives. 

Although sylvestrene has been reported present in a considerable 
number of oils (‘‘ Organische Chemie,” Beilstein, 4th ed., V, 125), 
it occurred to us that the hydrocarbon may not actually exist as 
such in nature, but that it may arise during the process of isolation 
and purification. A careful survey of the somewhat extensive 
literature appeared to us to offer sufficient support for this hypothesis 
to warrant its further investigation. 

Sylvestrene was first isolated by Atterberg (Ber., 1877, 10, 
1023) from Swedish pine-tar oil derived from Pinus sylvestris, 
and its constitution was subsequently established by the investig- 
ations of Wallach (Annalen, 1885, 230, 240; 1887, 239, 24), of 
Baeyer (Ber., 1894, 27, 1915; 1898, 31, 2067), and of Perkin and 
his collaborators (J., 1907, 91, 482; 1908, 93, 1888; 1913, 103, 
2229). For the identification of the hydrocarbon, Atterberg (Joc. 
cit., p. 1208) treated the appropriate fraction of the oil with hydro- 
gen chloride, when sylvestrene dihydrochloride, m. p. 72°, was 
readily obtained. This method appears to have been adopted 
by all subsequent investigators. It is not without significance 
that Atterberg (loc. cit., p. 1208) in one experiment could obtain 
only a dihydrochloride, m. p. 50° (the melting point of dipentene 
dihydrochloride), since it has been shown that in some cases d-A‘- 
carene on treatment with hydrogen chloride yields dipentene 
dihydrochloride in larger quantity than sylvestrene dihydrochloride 
and the former therefore crystallises on cooling. Reference to the 
formation of dipentene dihydrochloride during the purification of 
sylvestrene is also made by Bertram and Wahlbaum (Arch. Pharm., 
1893, 231, 301), who separated the latter only by prolonged fractional 
crystallisation and were unable to establish the presence of dipentene 
in the original oil by the direct preparation of its derivatives. 

Perhaps the most characteristic property of sylvestrene, a reaction 
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not shown by any other monocyclic terpene, is the deep blue colour 
developed by an acetic anhydride solution of the hydrocarbon 
when treated with a drop of concentrated sulphuric acid. The 
absence of this reaction in the case of the crude terpene separated 
from the oil of P. sylvestris was observed by Wallach, but in spite 
of this he was inclined to regard the presence of the terpene in the 
original oil as being established. Bertram and Wahlbaum ((oc. 
cit., p. 299), working with Swedish pine-needle oil from P. sylvestris, 
obtained a faint violet coloration, and a similar observation was 
made by Umney (Pharm. J., 1895, 55, 167), working with Scotch 
pine-needle oil. Mérner (Svensk Farm. Tids., 1909, 317), in a 
paper which does not appear to have been abstracted, has made a 
full and careful investigation of the colour reactions of the various 
fractions of the oil from P. sylvestris. He found that all fractions 
of the oil boiling below 185° gave a transient violet coloration, and 
that an indigo-blue colour was given only by the sesquiterpene 
fraction, which is known to contain cadinene. He specifically 
mentions that the blue colour shown by certain samples of the 
whole oil from P. sylvestris needles cannot be due to the presence 
of sylvestrene. In a later communication (ibid., p. 1913), he 
established the same facts in the case of the oils derived from 
P. sylvestris, P. pumilio, and P. abies of varying origins. The 
evidence, therefore, appeared to be against the existence of sylves- 
trene in these oils, and it is significant that a transient purple or 
violet coloration is characteristic of carene. 

We have submitted the oil from P. sylvestris to a very careful 
examination. The oil used by us was obtained from A. Carlsson’s 
Enkas Tallbarrolye Fabrik, Jénképing, Sweden, and was of un- 
doubted authenticity. We have been quite unable to find any 
trace of sylvestrene in the oil, although we have found it to contain 
d-A’-carene in considerable quantity. 

This hydrocarbon was identified by the preparation of the char- 
acteristic nitrosate (decomposing at 147-5°) and also by the form- 
ation of sylvestrene dihydrochloride, m. p. 72°. d-A®-Carene was 
found to be present in all the fractions of the oil boiling below 
180° (more than 70% of the total distillate), except in that distilling 
at 153—157°/684 mm. (see p. 2497). From the sesquiterpene 
fraction (b. p. 185—187°/100 mm.) /-cadinene was separated as 
the dihydrochloride, and this fraction of the oil gives the well- 
known colour reactions associated with this sesquiterpene. We 
consider ourselves justified in stating that the oil from P. sylvestris 
of Swedish origin contains d-A®-carene and does not contain 
d-sylvestrene, the previous isolation of d-sylvestrene from the oil 
being due to the decomposition of the dicyclic terpene. 
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We have also examined a small sample of the oil from P. pumilio, 
of unknown origin, obtained by purchase from Messrs. Boake, 
Roberts and Co. The oil was considerably resinified and therefore 
had a high density; like the oil from P. sylvestris, it was found to 
be free from sylvestrene whilst containing A®-carene. This terpene 
thus appears to occur somewhat frequently in nature, and in view 
of its ready identification by means of the sparingly soluble nitrosate, 
its detection presents little difficulty.* 

The probable absence of sylvestrene from natural terpenes is 
not without theoretical importance. If, as is generally assumed, 
the terpenes and sesquiterpenes arise from polymerisation of two 
or more molecules of isoprene, the occurrence of sylvestrene would 
offer no difficulty (I, II, III, and IV). 


Me Me 


¢ C 
Via rd S 
CH, CH CH CH, Me 
CH, CH, CH, he 
“ox | ~ ‘CH; 
¢ /\ HC 
a 
CH, Me 
(I.) (II.) (III.) (IV.) 
Recently, however, Ingold (Annual Reports, 1924, 21, 102) has 
suggested that the geraniol chain (V) may more correctly be regarded 
as the first stage in the union of two isoprene molecules, with 
subsequent condensation to the dipentene (p-cymene) type (II). 


C 

sh o-b-o-o}o-$-0-0 a 

This proposal, owing to its simplification of sesquiterpene 
chemistry, has obviously much to recommend it; but it would 
clearly be inapplicable if sylvestrene occurred in nature. The proof 
offered in this note of the absence of sylvestrene in the oils from 
P. sylvestris and P. pumilio makes it improbable that this terpene 
occurs in other oils and thus lends support to Ingold’s suggestion. 

We wish to take this opportunity of expressing our thanks to 
Professor V. Henriques of the University of Copenhagen for 
obtaining for us the sample of the oil from P. sylvestris, without 


* Aschan (A., 1919, i, 336) has stated that during an investigation of 
Finnish turpentine he succeeded in isolating a new hydrocarbon, b. p. 163— 
165°, which, since it yielded pinene nitrosochloride, was closely related to 
a-pinene. We have been able to consult this paper in abstract only, but we 
venture to suggest that in all probability he was dealing with a mixture of 
a-pinene and A*-carene, which are very difficult to separate. 
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which it would not have been possible for us to undertake this 
investigation. 
EXPERIMENTAL. 
Section I. The Oil from Pinus sylvestris. 


The oil used in these experiments was pale yellow in colour and 
after drying over anhydrous magnesium sulphate had the following 
constants: 3-0-8661, nj" 1-4729, [«]f + 13-2°, acid value 0-28, 
saponification value 6-7, saponification value after acetylation 15-0. 

A quantity of the oil was subjected to a prolonged systematic 
fractionation using a four-pear Young still-head, the distillation 
being carried out at first under diminished pressure and finally 
at the ordinary pressure, when the following fractions were 


obtained : 


TABLE I. 
Yield % of 


B.p. (684 mm.). 3°, ni’, [a}z°. original oil. 
153—157° 0-8553 1-4637 +20-0° 17-4 
157—161 0-8553 1-4656 +16-7 18-7 
161—167 0-8556 1-4676 +11:7 30-0 
167—176 0-8573 14711 + 8-0 8-1 

Fraction (i). This fraction consisted of nearly pure «-pinene, 
the presence of this hydrocarbon being established by the prepar- 
ation of the nitrosochloride decomposing at 107° and the nitrol- 
piperide, m. p. 118—119°. 

Fraction (i). This fraction consisted of a mixture of «-pinene, 
8-pinene, and d-A®-carene. The presence of «-pinene was proved 
by the preparation of the derivatives mentioned above and by 
oxidation to pinonic acid (semicarbazone decomposing at 207°); 
8-pinene was shown to be present in very small amount by oxidation 
to nopinic acid, identified by the method of mixed melting points. 
The presence of d-A’-carene was established by the preparation of 
the nitrosate, which, after recrystallisation, decomposed at 147-5° 
and was found to be identical in every way with a specimen of the 
nitrosate from another source. On treatment of a portion of the oil 
with hydrogen chloride, d-sylvestrene dihydrochloride was obtained 
which melted at 72°, and this m. p. was unaltered on admixture 
with a specimen of the d-dihydrochloride from another source. 

Fraction (iit). This fraction consisted essentially of d-A*-carene 
(nitrosate, decomp. 147-5°; d-sylvestrene dihydrochloride, m. p. 72°). 
When oxidised in acetone solution with potassium permanganate, 
only a very small trace of a keto-acid was formed, and this was 
identified as pinonic acid. No indication was obtained of the 
presence of either A‘-carene or $-pinene. When dissolved in 
chloroform and treated with a chloroform solution of bromine, one 
molecule of bromine was absorbed, the fairly sharp end-point 
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indicating the probable absence of any but dicyclic terpenes in 
this fraction of the oil. When dissolved in acetic anhydride and 
treated with a drop of concentrated sulphuric acid, a transient 
purple coloration was observed. 

Fraction (iv). This fraction consisted of nearly pure d-A%-carene. 

During the distillation of the oil a considerable fraction was 
obtained which distilled above 115°/100 mm.; after treatment with 
alcoholic potassium hydroxide solution to hydrolyse any esters 
present, the residual oil was carefully fractionated, when two main 
fractions were obtained: (a) b. p. 167—173°/683 mm., which was 
identified as d-A®-carene (d3*: 0-8573, ni 1-471; nitrosate, decomp. 
147-5°), and (b) a viscid, yellow oil, b. p. 185—187°/100 mm. This 
after distillation over sodium had the constants d3* 0-9082, ni} 
1-499, [x] + 24-0°. When it was dissolved in acetic anhydride 
and treated with a drop of concentrated sulphuric acid, an emerald- 
green colour was obtained which changed to deep indigo-blue. 
This colour reaction was due to the presence of /-cadinene, the 
presence of which was established by the preparation of the di- 
hydrochloride, m. p. 118°; and this m. p. was not depressed on 
admixture with an authentic specimen. In chloroform solution 
(5%), [Ji = — 38-1°, which is in good agreement with the value 
found by Wallach ([«], — 36-8°) (Annalen, 1899, 252, 150) for this 
substance. 

Section II. The Oil from Pinus pumilio. 


The oil, of which only slightly more than 100 g. were available for 
examination, was dried over anhydrous magnesium sulphate and 
the constants were determined: d%-:0-9221, n#’1-4831, [«]i’ 
— 9-3°, acid value 7-5, saponification value 31-5, saponification 
value after acetylation 89-6. The density of the oil was consider- 
ably higher than had been previously observed for samples of this 
oil, a fact probably due to the oil containing a large quantity of 
resinous material, which remained behind in the distilling flask on 
fractionation. . 

After the separation of the portion distilling above 140°/100 mm., 
the oil * was fractionated at the ordinary pressure, when the following 
fractions were obtained :— 


TaBeE II. 
Yield % of the 
No. B.p.(685mm.). di’. nx", [a}3”. original oil. 
155—160° 08512 11-4648 —12-6° 1 
160-—163 08529 1:4675 = — 14-7 1 
163—166 0-853 1-4691 —165-7 
166—175 08561 14711 —21-3 


6- 
4: 
vo 
8- 
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* Prior to distillation, the oil was treated with an alcoholic solution of 
potassium hydroxide to remove the free acids and to hydrolyse any esters. 
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An examination of these fractions has shown fraction (i) to 
consist essentially of «-pinene (nitrosochloride, decomp. 107°; 
nitrolpiperide, m. p. 118—119°); A*-carene was absent, since no 
crystalline nitrosate was obtained. Fractions (ii) and (iti) con- 
tained «-pinene and A®-carene,* since both fractions gave a nitroso- 
chloride (decomp. 107°) and a nitrosate (decomp. 147-5°). Owing 
to the small quantity of material available, no attempt was made 
to examine these fractions for 8-pinene, the presence of this hydro- 
carbon in the oil from P. pumilio having been established by previous 
workers. 

Fraction (iv) consisted mainly of A*-carene, an excellent yield of the 
nitrosate being obtained. When it was dissolved in acetic anhydride 
and treated with a drop of concentrated sulphuric acid, a transient 
purple coloration was observed, but the blue coloration characteristic 
of sylvestrene could not be obtained. 

The higher-boiling fractions of the oil were not examined. 


Inpran InstItTuTE oF SCIENCE, 
BANGALORE. [Received, September 14th, 1925.] 


CCCXLITI.—The Colorimetric Dissociation Constants of 
3: 5-Dinitrocatechol and 4: 6-Dinitroresorcinol. 


By Frank Cuartes Laxton, EpMunD BrypGEs RUDHALL 
PRIDEAUX, and WiiL14aM HowarD RADFORD. 


THE investigation of the colorimetric dissociation constants of 
the nitroquinols (Prideaux and Nunn, J., 1924, 125, 2110) has 
now been extended to include 3 : 5-dinitrocatechol and 4 : 6-dinitro- 
resorcinol. These compounds show fewer colour changes than 
the nitroquinols, and therefore give fewer colorimetric constants. 
Substantially the same methods of colour matching and deter- 
mination of pg were used, viz., (i) the drop method, with alkaline 
2 : 4-dinitrophenol as standard for the amount of substance trans- 
formed, (ii) the drop method with completely transformed indicator 
as standard (loc. cit., p. 2113), (iii) the method in which, by the 
addition of N drops of indicator, the colour of the solution is made 
to match that of a combination of an alkaline solution of the dinitro- 
phenol containing x drops of the indicator and an acid solution 
containing N—=zx drops (loc. cit.) : 


Pe = Pa + log {((N — 2)/2}. 


* It was not determined if A*-carene was present in the dextro- or levo- 
rotatory form. 
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3 : 5-Dinitrocatechol—_This compound was obtained in yellow, 
hexagonal plates, m. p. 164°, by Nietzki and Moll’s method (Ber., 
1893, 26, 2183). 

Colorimetric Constants ——The colour changes were investigated 
by means of a British Drug Houses comparator and a set of solu- 
tions ranging in pg from 4-22 to 12-05. Each tube contained 
10 c.c. of buffer solution and 5 drops of an M/20-solution of the 
indicator. Dinitrocatechol was colourless in acid solutions. The 
full yellow colour occurred at pa 5-34 and was constant up to 
Pu 7-6. The orange colour, obviously transitional, was not con- 
stant over any appreciable range of pg and so was not investigated. 
The complete reddish-brown stage occurred at pa 12-05 and was 
unchanged by the addition of N/5-alkali. In presence of very 
strong alkali (6N-potassium hydroxide), this indicator developed 
a purple colour. 

As dinitrocatechol, owing to its orange-yellow colour, could not 
be matched against dinitrophenol, p,, and p,, were determined by 
method (iii); the tube containing the acid solution, which was 
colourless, was omitted in each case. Four tubes were prepared 
containing 10 c.c. of buffer solution of pg 3-1, 3-337, 3-674, and 
3-911, respectively. A match was obtained under the following 


conditions : 
Full yellow. 
Px Of solution. (above 5-34) 3-1 3-337 3-674 3-911 
Drops of M/20-D.N.C. a 8 18 14 11 10 
b 12 28 21 17 15 


a 3-20 3-21 3-25 3°31 
Ph {8 3-22 3-21 3-29 3-31 
Mean 3-21 3-21 3°27 3-31 Grand mean 3-25. 
The halfway change is obviously between pg 3-1 and 3-337. 
Determination of p,,—Halfway change. A yellow solution in 
which the first change was complete (pg 6-47), containing 5 drops 
of the indicator, placed behind a reddish-brown alkaline solution (pz 
above 12-05) containing 5 drops of the indicator, matched a solution 
of px 10-39 containing 10 drops of indicator. 
Pm = Pu + log (N — x)/x = 10-39 + log 5/5 = 10-39. 
Quarterway change. A yellow solution of pa 6°47 containing 
9 drops of indicator placed behind an alkaline solution containing 
3 drops of indicator, matched a solution of pg 9-83 containing 
12 drops of indicator. 
Pi = Pu + log (N — x)/x = 9-83 + log 9/3 = 10-31. 
2-Nitroresorcinol—This compound was made by Kauffmann 
and Pay’s method (Ber., 1904, 37, 725). 
Solutions were prepared as in the case of dinitrocatechol ranging 
in px trom 4-22 to 12-05, and tested with an M/20-alcoholic solution 
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of the nitroresorcinol. Even in acid solution the indicator showed 
a pure yellow colour, and therefore it was not possible to determine 
Px, Which must have been very low. 

The colour, the first darkening of which was noticed at py 5-34, 
became a full reddish-brown at pg 7-6 and faded to a pale dull brown 
at a higher pg. The colours in all cases were less intense than 
those given by dinitrocatechol in a solution of the same strength. 

Determination of p,,—Halfway change to reddish-brown. An 
acid solution containing 8 drops of the indicator, placed behind the 
reddish-brown solution (yg 7-6) containing 8 drops of the indicator, 
matched a solution (pg 6-47) containing 16 drops of the indicator. 

Pie = Pu + log (N — x)/x = 6-47 + log 8/8 = 6-47. 

Quarterway change. An acid solution containing 12 drops of 
the indicator, placed behind a reddish-brown solution (pg 7-6) 
containing 4 drops of the indicator, matched a solution (pg 5-68) 
containing 16 drops of the indicator. 

Pr, = Pu + log (N — x)/x = 5-68 + log 12/4 = 6-16. 

Three-quarterway change. An acid solution containing 2 drops 
of the indicator, placed behind a reddish-brown solution (pg 7-6) con- 
taining 6 drops of the indicator, matched a solution (pg 6-87) 
containing 8 drops of the indicator. 

Pr = Pa + log (N — x)/x = 6-87 + log 2/6 = 6-39. 

The mean value for p,, is 6-34; hence &, for the second change 
is 4:57 x 1077. 

4 : 6-Dinitroresorcinol.—This compound was obtained in yellow 
prisms, m. p. 214-5°, by Typke’s method (Ber., 1883, 16, 552). 
It is only sparingly soluble in water or alcohol. A saturated 
alcoholic solution was used containing 0-12 g. per 100 c.c. As in 
the former cases, a set of solutions was prepared of various pg 
values and tested with the indicator. 

Solutions of pg less than 3-1 were colourless; for higher values, 
the colour was yellow and deepened up to pg 6-47; there was no 
further change after the full yellow colour had developed. 

The halfway change to the yellow was found as in the two previous 
cases: py, = 4-22. 

The apparent strengths of the substances as deduced from their 
colorimetric constants (p;,) are: 2-nitroresorcinol, very low: 
2: 5-dinitroquinol, 2-8; mononitroquinol, 3-25; 3 : 5-dinitrocate- 
chol, 3-25; 4: 6-dinitroresorcinol, 4-22, i.e. the strengths diminish 
in the order given. 

University CoLLEGE, NOTTINGHAM. [Received, July 29th, 1925.] 
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CCCXLIV.—Symmeirical Substitution Derivatives of 
Trimethylene Dibromide and Pentamethylene Di- 
bromide. 

By Wii.1AmM Hosson Mitts and LEsiiz Bars. 


SYMMETRICALLY substituted trimethylene or pentamethylene di- 
bromides of the types CH,Br-CRR’-CH,Br and 
CH,Br-CH,*CRR’-CH,°CH,Br 

(where R may be a hydrogen atom) would be of value for the 
synthesis of several compounds of stereochemical interest, but such 
dihalides have not hitherto been described. We have therefore 
undertaken the preparation of representatives of each class. 

The first compound of the kind which we investigated was 
8-phenyl-B-methylirimethylene dibromide [a y-dibromo--phenyl-8- 
methylpropane] (IV). 


CH,Cl* ao 
NaOEt 


Me Cp 7CH-CO,Et "> S72 >CH-CHO 
) (IL) 

OHO. —CH,OH HBr, H,Br 

mee Meo c< \CH;-0H Me>C<cH “Br 

(III.) (IV.) 


Ph 
00 


The starting point for this preparation was hydratropaldehyde 
(II), which is readily obtained by the method of Darzens (Compt. 
rend., 1904, 139, 1214; compare Claisen, Ber., 1905, 38, 703) from 
acetophenone through ethyl $-phenyl-8-methylglycidate (I). We 
found that, like other disubstituted acetaldehydes (Apel and 
Tollens, Ber., 1894, 27, 1087; Just, Monatsh., 1896, 17, 76; com- 
pare Neustidter, Annalen, 1907, 351, 294), hydratropaldehyde 
reacts with formaldehyde and alkali to give a glycol. In this case, 
however, the reaction takes place with great readiness and, although 
potassium carbonate was used as a condensing agent instead of a 
caustic alkali, the glycol was obtained directly, and no trace of 
an aldol, which presumably forms an intermediate stage in the 
reaction, could be detected (compare Wessely, Monatsh., 1900, 21, 
216). The conversion of the glycol into the dibromide, however, 
presented considerable difficulty. It was finally effected through 
the prolonged action of hydrogen bromide on the glycol diacetate 
(see Perkin and Simonsen, J., 1905, 87, 855). 

Suspecting that this difficulty was connected with the presence 
in the molecule of two substituents, phenyl and methyl, on the 
same carbon atom, we prepared the simpler compound, £-phenyl- 
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trimethylene dibromide [ay-dibromo-B-phenylpropane] (V1), by the 
action of hydrogen bromide on the diacetate of the glycol (V), 


CHPh:CH, ——*--> CHPh(CH,-OH), > CHPh(CH,Br), 
or (v.) (VI.) 


which was prepared as described by Prins (Proc. K. Akad. Wetensch. 
Amsterdam, 1919, 22, 21) by the action of trioxymethylene, acetic 
acid, and sulphuric acid on styrene. This diacetate reacted with 
hydrogen bromide much more readily than that of phenylmethyl- 
trimethylene glycol, and under suitable conditions gave 70%, or 
more, of the theoretical yield of dibromide. 

A y-substituted pentamethylene dibromide could, we found, be 
obtained with comparative readiness from the di-8-phenoxyethyl- 
acetic acid (VII) described by Bentley, Haworth, and Perkin (J., 


(VII.) PhO-CH,-CH,-CH(CO,H):CH,°CH,-OPh —> 
CH,Br-CH,°CH(CO,Et)CH,*CH,Br (VIIL) 


1896, 69, 169). The phenoxy-groups were replaced by bromine by 
heating with concentrated hydrobromic acid and the resulting 
dibromo-acid was converted into y-carbethoxypentamethylene dt- 
bromide [ethyl «e-dibromopentane-y-carboxylate] (VIII) by treatment 
with alcoholic hydrogen bromide. 

This compound proved more reactive than the substituted 
trimethylene dibromides, and to investigate its applicability to 
syntheses we studied its behaviour towards piperidine. The two 
substances reacted smoothly, giving a compound which from its 
composition, method of formation and reactions could only be the 
spirocyclic ammonium salt, 4-carbethoxybispiperidinium-1 : 1’-spiran 
bromide (IX). The corresponding reaction between piperidine and 
pentamethylene dibromide was described by von Braun (Ber., 
1906, 39, 4351). 


2CH <CH ‘CH NH + OH on CH? > CH: CO,Et 


- | CHa<GH CH << CH CH cH-Co 21 |Br + C,H,,N,HBr. 


CH,-CH,~ \<cuH,-CH, 
IX.) 


It is proposed to make further applications of these compounds. 


EXPERIMENTAL. 
8-Phenyl-B-methylpropane-wy-diol (III).—A mixture of hydratrop- 
aldehyde (55 g.), formalin (98 c.c. of 38% formalin diluted with 
80 c.c. of water), and potassium carbonate (30 g.) was stirred 
vigorously at 100° for 13 hours. In subsequent preparations 
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sufficient alcohol was added to give a homogeneous mixture when 
hot; this enabled the stirring to be dispensed with. Unchanged 
aldehyde and alcohol were removed by distillation with steam. 
The insoluble product left was taken up in boiling benzene, the 
benzene evaporated, and the residue distilled. The portion boiling 
*at 180—210°/15 mm. was nearly pure glycol and solidified in fan- 
shaped clusters of silky needles. Crystallised from benzene, the 
glycol forms needles, m. p. 88°, b. p. 184°/17 mm., having a bitter 
taste which develops tardily (Found: C, 72-1; H, 8-5. C,9H,,0, 
requires C, 72-2; H, 8-5%). It is very soluble in alcohol, com- 
mercial ether, or chloroform. It is less soluble in anhydrous 
ether and is sparingly soluble in benzene. 

The diacetate, CPhMe(CH,°O-CO-CH,),, was prepared by gently 
boiling the glycol for 7 hours with acetic anhydride (2} parts) and 
anhydrous sodium acetate (1 part). The product was isolated by 
pouring into water, extracting with ether, and distilling under 
diminished pressure. It formed a colourless liquid, b. p. 179°/20 
mm. (Found: C, 67:1; H, 7-3. C,,H,,0, requires C, 67-2; H, 
7:°3%): Yield 88—91% of the theoretical. 

ay-Dibromo-b-phenyl-B-methylpropane (IV).—The diacetate was 
dissolved in glacial acetic acid saturated with hydrogen bromide 
at 0° (6 parts) and heated for 30 hours at 100°. After pouring 
into water, extracting with ether, washing with sodium carbonate, 
and removing the ether, a dark oil (150 g. from 200 g. of the di- 
acetate) was obtained. As examination of this after distillation 
in a vacuum showed that bromination was not nearly complete, 
the treatment with hydrogen bromide in acetic acid solution was 
repeated. The oil (65 g.) gave a product from which, by fractionally 
distilling three times, a fraction (20-5 g.), b. p. 143—146°/12 mm., 
was obtained. This was the pure dibromide (Found: C, 41-4; 
H, 4:3; Br, 54-55. C, 9H,,Br requires C, 41-1; H, 4-2; Br, 54-:7%). 
It has a powerful geranium-like odour. 

a-Bromo-y-hydroxy-B-phenyl-B-methylpropane, 
CH, Br-CPhMe-CH,°OH. 
—A solution of the glycol (9 g.) in the minimum of glacial acetic 
acid was saturated at 0° with hydrogen bromide during 3 hours 
and then heated at 100° while a slow stream of the gas was passed 
through it for 7 hours. After keeping over-night, the product 
was isolated by pouring into water, extracting with ether, and 
fractional distillation. The fraction b. p. 173°/15 mm. contained 
the percentage of bromine required for the bromohydrin (Found : 
Br, 34-6. C, 9H,,0Br requires Br, 34-9%). 
2-Chloro-y-hydroxy-8-phenyl-B-methylpropane, 
CH,Cl-CPhMe-CH,:OH. 
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—The glycol (10 g.) was added to phosphorus pentachloride (26 g.), 
and the mixture kept at 80° for 2 hours. Water was then added, 
and the product isolated by distilling with steam, extracting the 
distillate with ether, and fractionation under diminished pressure. 
A colourless liquid (2-5 g.), b. p. 118—121°/15 mm., containing 
19-6% of chlorine was thus obtained. 

Another method of preparation was also tried. The glycol 
(10 g.) was dissolved in pyridine (9-6 g.), and thionyl chloride 
(15 g.) added during 20 minutes. After keeping over-night, the 
mixture was heated at 105° for 14 hours and the product was then 
isolated as in the foregoing experiment. A colourless liquid (2-8 g.), 
b. p. 122°/19 mm., containing 19-6 of chlorine was obtained. 
The products of the two experiments were united and by refrac- 
tionation a liquid which was regarded as the chlorohydrin was 
obtained, b. p. 117—118°/15 mm. (Found: Cl, 19-2. C, 9H,,0C1 
requires Cl, 19-3%). 

a-Bromo-y-acetoxy-B-phenyl-B-methylpropane, 

CH,Br-CPhMe’CH,OAc. 

—The diacetate (30 g.) was dissolved in an equal volume of glacial 
acetic acid, and hydrogen bromide was led in at 90—95° for 10 hours 
after the mixture had become saturated. The product isolated by 
pouring into water, ether extraction, and distillation contained 
only 15% of bromine. The treatment with hydrogen bromide was 
therefore repeated and allowed to proceed for 19 hours. The 
product now distilled at 174—174-5°/18 mm. and was the pure 
bromoacetate (Found: C, 53-2; H, 5-7; Br, 29°5. C,.H,,O,Br 
requires C, 53-1; H, 5-6; Br, 29-5%). 

ay-Dibromo-B-phenylpropane (VI).—wy-Diacetoxy-f-phenylpro- 
pane (17-4 g.) (Prins, loc. cit.) was saturated with hydrogen bromide 
in the cold and then kept at 90° for 15 hours whilst a slow stream 
of the gas was led through. The product, which had absorbed 
rather more than the theoretical weight of the gas, was poured 
into water, and the dibromide isolated by extraction with ether and 
distillation. Practically the whole (14-4 g.) boiled at 152°/14 mm. 
and proved to be the pure dibromide (Found: C, 39-5; H, 3-6; 
Br, 57-4. C,H, Br, requires C, 39-8; H, 3-6; Br, 57-5%). The 
compound has a strong geranium-like odour. 

Ethyl «e-Dibromopentane-y-carboxylate (VIII).—Di-8-phenoxy- 
ethylacetic acid (Bentley, Haworth, and Perkin, loc. cit.) (30 g.) 
was boiled for 10—12 hours with a mixture of constant-boiling 
hydrobromic acid (150 c.c.) and fuming hydrobromic acid (50 c.c.). 
The resulting mixture of di-8-bromoethylacetic acid and phenol, 
after separation from the hydrobromic acid by dilution with water 
and extraction with ether, was dissolved in alcohol, and the solution 


2506 DERIVATIVES OF TRIMETHYLENE DIBROMIDE, ETC. 


saturated with hydrogen bromide (3 days) and then kept for a 
week. The product was isolated by addition of water, extraction 
with ether (the phenol being removed by shaking the ethereal 
solution with dilute aqueous sodium hydroxide) and distillation 
under diminished pressure. The dibromo-ester was a heavy oil with 
a garlic-like odour, b. p. 166—167°/19 mm. (Found: C, 32:3; 
H, 4:6; Br, 52-9. C,H,,0,Br, requires C, 31-8; H, 4:7; Br, 
52-9%). 

4-Carbethoxybispiperidinium-1 : 1’-spiran Picrate (formula corre- 
sponding with [X).—Ethy]! «e-dibromopentane-y-carboxylate (17 g.) 
and piperidine (10-6 g.) were dissolved in alcohol (350 c.c.) and the 
mixture was boiled for 48 hours. After evaporation of the alcohol 
and digestion with ether, the residue was treated with an aqueous 
solution of potassium hydroxide (1 equiv.), and the piperidine set 
free was removed by extraction with ether. The water was then 
completely removed by evaporation under diminished pressure and 
the spiroammonium bromide was separated from the potassium 
bromide by extraction with anhydrous chloroform. Evaporation 
of the chloroform left it as a faintly yellow oil (12-3 g.), which 
rapidly solidified and could be recrystallised from alcohol and ether, 
but was exceedingly hygroscopic. The crude bromide (12-3 g.) 
was therefore converted into the picrate by treatment with a solu- 
tion of picric acid (9-2 g.) in a mixture of alcohol (100 c.c.) and 
water (160 c.c.). The picrate, recrystallised from alcohol, formed 
large, golden-yellow, rhombic prisms (7 g.), m. p. 130° (Found: 
N, 12-1. C,9H,,0,N, requires N, 12-3%). 

4-Carboxybispiperidinium-1 : 1'-spiran Bromide.—The carbethoxy- 
group in the above compound (5-8 g.) was hydrolysed to carboxyl 
by boiling with dilute hydrobromic acid (250 c.c. of water and 
30 c.c. of constant-boiling acid) for 24 hours. The solution, filtered 
from the picric acid which crystallised on cooling, and freed from 
the remaining picric acid by extraction with ether, left the bromide 
on evaporation as a yellow residue (3-5 g.). Recrystallised from 
glacial acetic acid (10 c.c.) and ether (1 c.c.), it formed hard, hemi- 
spherical clusters of small, monoclinic prisms, m. p. 289—290° 
(decomp.). It is very soluble in water and deliquescent (Found : 
C, 47-5; H, 7-3; Br, 28-9; equiv., by titration with sodium hydr- 
oxide and phenolphthalein, 277. C,,H,.O,NBr requires C, 47-5; 
H, 7-25; Br, 28-8% ; equiv., 278). 

The picrate, precipitated by the addition of an alcoholic solution 
of picric. acid (0-45 g.) to an aqueous solution of the bromide 
(0-55 g.), formed golden-yellow, hexagonal prisms (from alcohol), 
m. p. 169—170° (Found: N, 13-2. C,,H,.0,N, requires N, 
131%). 
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CCCXLV.—The Configuration of the Ammonium Ion. 
By Wit11am Hopson Mitts and Ernest HENRY WARREN. 


Or the views which have been put forward respecting the spatial 
configuration of the ammonium salts, those deserving of more 
serious consideration assign to the four positive radicals attached 
to the nitrogen atom a disposition which is either tetrahedral or 
pyramidal, these being the only arrangements in which the valencies 
of the nitrogen atom linking these radicals can be represented as 
inter-equivalent. 
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The suggestion of a tetrahedral distribution (Fig. 1) was first 
made, as is well known, by van ’t Hoff (‘‘ Ansichten iiber die org. 
Chemie,” 1878, p. 80), long before Pope and Peachey (J., 1899, 
75, 1127) opened the way to the experimental investigation of the 
stereochemistry of the ammonium salts. 

The pyramidal formula (Fig. 2) was proposed by Bischoff (Ber., 
1890, 23, 1197). 

As long as nitrogen was regarded as being truly quinquevalent 
in the ammonium salts and the constitution of these compounds 
was considered to correspond with the symbol I the pyramidal 
formula appeared a priori at least as probable as the tetrahedral, 


R 
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and a careful review of the then available evidence led Jones (J., 
1905, 87, 1782; Rep. Brit. Assoc., 1904, 188; compare, however, 
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Jones and Dunlop, J., 1912, 101, 1748) to the view that the pyramidal 
formula was the more in accordance with the experimental facts ; 
this configuration of the ammonium salts is still represented as the 
most probable in some of the newer text-books of organic chemistry. 

At the present time, however, largely through the development 
of electronic theories of valency and the clearer insight which these 
have afforded into the relation between ionising and non-ionising 
linkings, there exists a general tendency to assign to the ammonium 
salts a constitution (II) akin to that proposed by Werner (Z. angew. 
Chem., 1906, 19, 1345). But if the ammonium salts are thus 
constituted, then, as Werner pointed out (‘‘ Stereochemie,”’ p. 311), 
the four positive radicals are, in all probability, tetrahedrally 
disposed about the nitrogen atom. 

Whilst, therefore, on general grounds the tetrahedral configur- 
ation of the ammonium salts must at the present time be regarded 
as the most probable, no direct experimental evidence has hitherto 
been obtained which enables a definite decision to be made between 
this and the pyramidal configuration. The formation of the 
tertiary amine oxides, for example, and their molecular dissym- 
metry (when the three hydrocarbon radicals are different), which 
was demonstrated by Meisenheimer (Ber., 1908, 41, 3966; Annalen, 
1911, 385, 117), can be represented by means of either formula. 


We have accordingly attempted to find some crucial experimental 
test which would decide between these two configurations. We 
have therefore prepared and examined the salts of a spirocyclic 
ammonium radical of the type ITI. 


[> o< Gs Gone >o<E, |x any 


The readiness with which the formation of these spirocyclic com- 
pounds takes place shows that there can be little strain in the two 
rings. The relative positions of the four carbon atoms attached 
to the central nitrogen atom must therefore approximate closely 
to those of the corresponding atoms in the simpler quaternary 
ammonium salts like tetramethyl- or tetraethyl-ammonium chloride. 
On the pyramidal formula, therefore, the positive ion of such a 
salt would have the configuration shown in Fig. 3, whilst on the 
tetrahedral formula its configuration would be represented by 
Fig. 4, the rings being represented plane for simplicity. 

In Fig. 3 the four radicals RR’RR” lie in one vertical plane 
with the nitrogen atom, and this plane is clearly a plane of sym- 
metry of the molecule. If, therefore, the simple quaternary 
ammonium salts have the pyramidal configuration, a compound 
of the formula (III) cannot show optical activity in solution. 
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If, however, the ion has the configuration represented in Fig. 4, 
it possesses no element of symmetry. It is non-superposable on 
its mirror image and the salts should be capable of resolution into 
optically active enantiomerides. Resolution of a salt of the type 
IIT into optically active components would therefore constitute a 
definite experimental proof that in the ammonium salts the four 
positive radicals are not arranged pyramidally about the nitrogen 
atom. 

The resolution of salts of a spirocyclic ammonium radical, tri- 
methylenetetrahydroisoquinolinium, was attempted by Jones and 
Dunlop (loc. cit.) with negative results. These salts are mole- 
cularly dissymmetric on the pyramidal but not on the tetrahedral 
theory of the configuration of the ammonium salts. 


Fia. 3. Fic. 4. 


The compound which we chose for examination was 4-phenyl- 
4'-carbethoxybispiperidinium-1 :1'-spiran bromide (III; R’ = Ph, 
R” = CO,Et, X = Br), which we prepared by the interaction of 
4-phenylpiperidine (Bally, Ber., 1887, 20, 2590) with ethyl ae-di- 
bromopentane-y-carboxylate (see Mills and Bains, preceding paper). 

On converting the pure spiroammonium bromide into the 
d-«-bromocamphor-rn-sulphonate, a mixture of diastereoisomeric 
salts was produced, by fractional crystallisation of which from 
acetone and ether and finally from acetone alone the optically pure 
d-spiroammonium d-bromocamphorsulphonate was obtained. It gave 
in aqueous solution a molecular rotation for the mercury green light 
which exceeded by nearly 50° that due to the bromocamphorsul- 
phonic ion. On removal of the latter by precipitating the sparingly 
soluble spiroammonium iodide with aqueous sodium iodide a dextro- 
rotatory iodide was obtained and this was converted with silver 
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bromide into the more soluble spiroammonium bromide, the mole- 
cular rotation, [M/];,,,, of which in aqueous solution was + 50-5°. 
The molecular rotation of the spiroammonium bromide in aqueous 
solution is thus of the magnitude indicated approximately by the 
molecular rotation of the d-bromocamphorsulphonate. 

The d-bromocamphorsulphonates left in the acetone—ether mother- 
liquors were converted into the 1-bromocamphorsulphonates (with the 
aid of /-bromocamphorsulphonic acid prepared from J-camphor 
kindly given to us by Sir William Pope) and by fractional crystal- 
lisation of these the 1-spiroammonium 1-bromocamphorsulphonate was 
obtained. This gave on conversion into the bromide the optically 
pure l-spiroammonium bromide showing a molecular rotation, 
[M]54¢1, of — 50-8°, which is thus, within the limits of experimental 
error, equal and opposite to that of the d-bromide. 

These observations show definitely that this spiroammonium ion 
possesses molecular dissymmetry. It therefore cannot have the 
configuration represented in Fig. 3. An experimental proof is thus 
given that the four positive radicals in the ammonium salts are not 
arranged about the nitrogen atom as assumed in the pyramidal 
theory. 

The experimental evidence with regard to the configuration of 
the ammonium salts can now be stated briefly as follows : 

(1) Ammonium salts of the type (Nabcd)X can be resolved into 
optically active antipodes. The four radicals and the nitrogen atom 
in the ammonium ion therefore do not lie in one plane. 

(2) Ammonium salis of the type (Nabcec)X are non-resolvable. 
The ion (Nabcc)*+ therefore possesses a plane of symmetry, which 
must obviously be the plane which passes through a, b, and N 
and the line joining the two remaining radicals c must be per- 
pendicular to this plane and bisected by it. 

(3) Isomerism, other than enantiomerism, dependent on the relative 
positions of substituent growps has never been observed in ammonium 
salts. This indicates that the valencies by which the four radicals 
in the quaternary ammonium ion are attached to the nitrogen 
atom are inter-equivalent. The same conclusion is to be drawn 
from (2), since there can be no reason why the two radicals desig- 
nated a and b should always be attached by a particular pair of 
valencies. Although this negative evidence has not the same 
weight as positive evidence would have, the experimental work 
on which it rests is very extensive, and the inter-equivalency of 
the four co-valencies of nitrogen in the ammonium salts can be 
regarded as practically established. But this inter-equivalence of 
the valencies requires that they must be separated by equal angular 
intervals. 
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The positions which can be occupied by the radicals c are thus 
limited to those shown in Fig. 5 and Fig. 6. In other words, the 
only configurations for the ammonium ion which accord with the 
foregoing observations are those in which the radicals have either 
a pyramidal* or a tetrahedral distribution about the nitrogen 
atom. 

(4) Spirocyclic ammonium salis of the type III are molecularly 
asymmetric. This excludes the pyramidal configuration. The 
conclusion must therefore be drawn that in the quaternary am- 
monium ion the four radicals are disposed tetrahedrally about the 
nitrogen atom, and that the configuration of the spirocyclic 
ammonium ion is that represented in Fig. 4. 

It must also be concluded that in the simple ammonium salts 
the four hydrogen atoms of the ammonium radical are similarly 
tetrahedrally distributed about the nitrogen atom. 
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The view that the ammonium ion, NH,+, and the methane 
molecule, CH,, have corresponding configurations, the probability 
of which is evident on the electronic theory of molecular structure 
(since each complex is composed of a positive nucleus, four hydrogen 
nuclei, and ten electrons), is thus confirmed by experimental 
stereochemical evidence. 


EXPERIMENTAL 


dl-4-Phenyl-4'-carbethoxybispiperidinium-1 :1'-spiran Bromide.— 
This compound was prepared by the condensation of ethyl 
di-8-bromoethylacetate (Mills and Bains, loc. cit.) with 4-phenyl- 
piperidine (2 mols.) (Bally, lo¢. cit.) in boiling benzene solution. 
The preparation is greatly facilitated by the fact that the spiran 
bromide crystallises almost at once from the boiling solution, 
whilst the phenylpiperidine hydrobromide (although practically 
insoluble in boiling benzene) remains in supersaturated solution. 


* The pyramidal formula would, however, as has long been recognised, 
render probable the existence of a never observed isomerism corresponding 
with that of the platosammine and platosemidiammine chlorides and that 
of the isomeric dimethyltellurium iodides of Vernon (J., 1920, 117, 86, 889). 
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The ester (4-8 g.) and the base (6 g.) were dissolved in benzene 
(200 c.c.) and the mixture was filtered hot after gently boiling 
for 6 hours. The crystalline product, recrystallised from alcohol 
and ether, gave small platelets, m. p. 276—277° (decomp.). Slow 
crystallisation from ethyl acetate containing a trace of alcohol 
gave fine needles of the same m. p. The salt is extremely soluble 
in water or alcohol, but is insoluble in ether or benzene, and also 
in ethyl acetate, chloroform, or acetone if these are free from 
alcohol (Found : C, 59-6; H, 7-4; N, 3-9; Br, 20-8. C,,H,,O.NBr 
requires C, 59:7; H, 7-3; N, 3:7; Br, 20-9%). 
dl-4-Phenyl-4'-carbethoxybispiperidinium-1:1'-spiran _ Iodide.— 
This salt is precipitated by the addition of saturated sodium iodide 
solution to a concentrated aqueous solution of the spiroammonium 
bromide. It is formed as an oil, which solidifies when scratched, 
and gives prismatic crystals, m. p. 209—210°, when crystallised 
from alcohol and ether. It is insoluble in ethyl acetate or chloro- 
form, and is practically insoluble in water. It dissolves in alcohol 
to the extent of 15% (Found: C, 52:8; H, 6-5; N, 3-0; I, 29-5. 
C,,H,,0,NI requires C, 53-1; H, 6-5; N, 3-25; I, 29-6%). 
d-4-Phenyl-4'-carbethoxybispiperidinium-1 :1'-spiran  d-a-Bromo- 
n-camphorsulphonate.—An aqueous solution of the spiroammonium 
bromide was treated with the equivalent quantity of silver bromo- 
camphorsulphonate. Evaporation under diminished pressure of 
the filtrate from the silver bromide gave a gummy residue, which 
was repeatedly crystallised from acetone and ether, and finally 
from acetone alone. The successive crops showed a progressive 
readiness to crystallise, a rising melting point, and an increasing 
specific rotation. The polarimetric values found for the crops 
obtained from the last three crystallisations in aqueous solution, 
using the mercury yellow and green light, were (c = 0-984—0-986) 
[a]$iso + 55-9°, 55-7°, and 55-6°; [a]}%, + 645°, 647°, 64:5°. They 
were therefore regarded as being optically pure. The compound 
.forms delicate, silky needles attaining a length of 2 cm. or s0, 
m. p. 210—212° with softening at 195° (Found: Br, 13:1. 
Co9H,,0,NBrS requires Br, 13-0%). 

Further polarimetric values fourid for the last crop in aqueous 
solution were (c = 1-864, 1-855) [a], + 55:2°, 55°3°; [a]ifa 
64-6°, 64-75°. 

The means of all these values give for the molecular rotations 
of the salt in aqueous solution (c = 1—2) [M]#;, + 339°, [M]ifa + 
395-5°. Subtracting the corresponding values for the bromo- 
camphorsulphonic ion, [M]!$,, + 295°, [M]8;, + 346:5°, we obtain 
[My + 44°, [78;, + 49° as the molecular rotations of the spiro- 
ammonium ion. These values agree, within the limits of experi- 
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mental error (seeing that they result from the difference of three 
figure numbers), with those found by direct observation on the 
bromide (see below), [J7]#;, + 449°, [7], + 50-5°. 

d-4-Phenyl-4'-carbethoxybispiperidinium-1 :1'-spiran Iodide—A 
saturated solution of sodium iodide was added gradually to an 
aqueous solution of the d-spiroammonium d-bromocamphorsul- 
phonate, stirred so that the precipitate was obtained crystalline. 
Crystallised from alcohol and ether, it formed granular crystals, 
m. p. 222—223°. It thus melts 13° higher than the racemic salt 
(Found: C, 53-25; H, 6-4; I, 29-6. C,,H,,O,NI requires C, 53-1; 
H, 6-5; I, 29-6%). 

The following polarimetric observations were made on the 
alcoholic solution : 

l= 4; c= 1-562; a), + 0-556°; «2, + 0-608°; 
whence [«]5rs) + 8°9°; [ase -+ 9°7°. 

d-4-Phenyl-4'-carbethoxybispiperidinium-1 : 1'-spiran Bromide.— 
The d-iodide was treated in hot water with silver bromide, and 
the filtrate evaporated under diminished pressure. The dried 
residue, crystallised from a mixture of ethyl alcohol, ethyl acetate, 
and a little ether, gave the pure bromide as needles, m. p. 274—275° 
(decomp.) (Found: Br, 20-6. Calc., Br, 20-9%). The compound 
gave the following values in aqueous solution : 

T= 4; c= 2-122; ad, +1-00°; a2, + 1-125°; 
whence [« Jiro + 11-76°; [a]sta + 13-23°; [Mir + 449°; [Mia + 
50-5°. 

1-4-Phenyl-4'-carbethoxybispiperidinium-1 :1'-spiran 1-Bromocam- 
phorsulphonate.—The mother-liquors containing the spiroammon- 
ium d-bromocamphorsulphonate were evaporated to dryness and 
the gummy residue was converted into the iodide by means of 
aqueous sodium iodide solution. The iodide thus obtained was 
deeply coloured with periodide, but was obtained colourless after 
three or four recrystallisations. 

The iodide was treated with its equivalent of silver /-bromo- 
camphorsulphonate in hot aqueous alcoholic solution, and the 
filtrate evaporated to dryness under diminished pressure. The 
gummy mass was dissolved in warm acetone and, after the addition 
of a little ether, was allowed to stand for a day or so to crystallise. 
Crystallisation took place more readily and with better yield than 
in the original preparation of the d-spiroammonium d-bromocam- 
phorsulphonate, owing presumably to the previous removal of some 
of the d-enantiomorph. 

After four or five recrystallisations the salt gave the following 
specific rotations in aqueous solution : 

[a]%, — 54-2°, [a], — 64-1°. 
VOL. CXXVII. _ 4P 
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After a further recrystallisation the values obtained were : 
[o]f0 — 54:25°, [a]st, — 64-1°. 
The melting point was 210—212° with softening at 195°. 

As the rotation was not altered by further crystallisation, this 
last crop was employed for preparation of the 1-iodide. 

1-4-Phenyl-4'-carbethoxybispiperidinium-1 :1'-spiran Iodide.—The 
l-spiroammonium /-bromocamphorsulphonate was converted into 
the iodide by the same method as was used in the d-series. The 
melting point was the same as that of the d-iodide, 222—223°. 
A mixture of the d- and /-iodides in equal proportions melted at 
practically the same temperature as the dl-iodide, 209—211° (Found : 
I, 29-6. Calc., I, 29-6%). The specific rotations in ethyl-alcoholic 
solution were in good agreement with those found for the d-salt.: 

l= 4; c= 0-589; a, —0-200°; aj, — 0-233°; 
whence [a], — 8:5°; [o]#3, — 9-9°. 
1-4-Phenyl-4'-carbethoxybispiperidinium-1 :1'-spiran Bromide.— 
The J-iodide was converted into the /-bromide by the same method 
as was used in the d-series. The following polarimetric observ- 
ations were made on the salt in aqueous solution : 

T= 4; c= 2-02; o2%, —0-95°; a2, —1-075°; «2%, —1-81°; 
whence [a]. — 11-75°; [o]%3, —13-3°; [o]&» — 224°; 
and [Miro — 449°; [M]%;, — 50-8°; [MTB — 85-5°. 

The molecular rotations found for the enantiomorphous bromides 
in aqueous solution are thus for the mercury yellow light + 44-9° 
and — 44-9°, and for the mercury green + 50:5° and — 50:8°. 
This concordance confirms the view that the resolution was 
complete. j 
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UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, September 10th, 1925.] 


CCCXLVI.—The Correlation of Absorption Spectra 
with Ionisation in Violuric Acid. 
By Ricuarp ALAN Morton and ARTHUR HaRoup TIPPING. 


VioLvRic acid is faintly yellow in the crystalline state and pink in 
aqueous solution. The correspondence between concentration of 
violurate ion and depth of colour roughly established by colorimetric 
observations has now been accurately confirmed by the quantitative 
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methods of sector-photometry and absorption spectroscopy. Solu- 
tions of the acid in the purest conductivity water containing small 
quantities of hydrochloric acid were examined spectrographically, 
and their pz values determined by means of the quinhydrone 
electrode. 


Taste I. 
Mol. cone. of Mol. conc. 
Solution. violuric acid. of HCl. pn at 18°. 
a 0-01 nil 3°36 
b 0-0099 0-0001 3-32 
c 0-0095 0-0005 3-194 
d 0-0090 0-0010 3°03 


From the pg value for 0-01M-violuric acid the dissociation constant 
at 18° is found : 


Ky, = (H*][Vi-]/[HVi] = (10°°%)2/(10 — 10-338) — 1-992 x 10%. 


From this constant the concentrations of violurate ion in the solu- 
tions b, c, and d may be calculated. 


TABLE II. 
Solution. Conc. of Vi ion. d. Log (J,/Z). e¢ max. (for ion). 
a 0-0004365 30 cm. 0-8 61-09 
b 0-000395 ‘5 0-7 59-07 
c 0-000285 ‘ 0:55 64-33 
d 0-000188 Fa 0:325 57-37 
Mean 60-46 


In the equation log (Ip/I) = ec d, Iy/I is the ratio of the intensities 
of the incident and the emergent light, c is the concentration 
of the absorbing solute in gram-ions per litre, and d is the thickness 
of the absorbing layer; ¢ is then the molecular extinction coefficient. 
In photographing the absorption spectrum, the value of log Ip/I was 
increased for successive exposures. The values recorded in Table 
II are the highest for which definite match points could be seen; 
the accuracy was about 1in 15. Within the limits of error, there- 
fore, the colour intensity is proportional to the concentration of 
violurate ion. 

Addition of alkali caused an increase in the absorptive power of 
the solute. 


TABLE III. 
Mol. conc. of Conc. of 
violuric acid. alkali. Log (I,/Z). d, cm. 
0-0066 0-0033 1-6 8 
0-0025 0-0025 1-17 8 
0-01 0-0008 1-1 30 
or 0-29 8 


The alkali violurate is almost completely dissociated in solution. 


If the observed increase in intensity of colour is due to increased 
F 4P2 
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concentration of violurate ion, pg-measurements should indicate a 
molecular extinction coefficient of about 60. In the case of 0-0025M- 
sodium violurate, py = 8-41, the ionic concentration is 0-0025, and 
e (max.)is 58-5. Similarly, for the 0-0066M-violuric acid solution, 
which is 0:0033M@ with respect to alkali, py = 4:82 and e (max.) 
is 53. 

These results do not differ very much. It seemed likely that the 
addition of sodium chloride, which would repress the ionisation, 
would lead to interesting results. Photographs of the absorption 
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—-— I. Véoluric acid in water. 

——— Il. 0°0009M-aqueous violurie acid and 0°002M-potassium hydroxide. 
III. Violuric acid in alcohol. 

i Tea-eies IV. Violuric acid M/1000, potassium hydroxide M/2000. 


spectra of solutions of sodium violurate containing excess of sodium 
chloride were therefore taken, compensating cells containing the 
same concentration of sodium chloride being used to counterbalance 
any loss of transmissive power due to this salt. 


TABLE IV. 
Mol. conc. of sodium violurate —........ 0-0033 0-0025 0-0017 
Mol. cone. of sodium chloride —........e00. 6°24 4:16 2-08 
WIAD. dns thetsetcteccedeetiustiutsincsvonssenees 56-25 55-0 54-75 


The absorptive power of undissociated sodium violurate is therefore 
of the order e = 55. The head of the absorption band is near 538 uy. 
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The spectrum of violuric acid has been examined in the ultra- 
violet region also. For the aqueous solution, two bands were 
found, one at A (max.) = 3120 A. and e (max.) 3000 and the other 
at 2490 A. and e (max.) 10,300. A solution 0-0009M with respect 
to violuric acid and 0-002M with respect to potassium hydroxide 
would certainly consist of hydroxide and completely dissociated 
potassium violurate. This solution shows one absorption band, 
A (max.) = 3130 A., e (max.) 13,300. 

It is striking that, for an aqueous solution in which the acid is 
incompletely dissociated, two bands are obtained whose extinctions 
are together equal to 13,300. The band at 3130 A. is common both 
to the acid and to the alkaline solution and may therefore be 
ascribed to the ion. If, then, the other band is due to the undis- 
sociated acid, an alcoholic solution of violuric acid should show 
only this band. Actually, one band is observed, (max.) = 
2516 A., e (max.) = 13,400, and the extinction is the same as that 
of the dilute alkaline solution. There can be no doubt, therefore, 
that the bands at 250 and 312 uy are due respectively to the undis- 
sociated acid and the ion. The graph shows that an intermediate 
stage was found, as was to be expected. 


We wish to express our gratitude to Dr. J. W. Corran for assistance 
with the quinhydrone electrode and to Professor E. C. C. Baly, 
C.B.E., F.B.S., for suggesting the investigation. One of us(A.H. T.) 
is indebted to the Advisory Council of the Department of Scientific 
and Industrial Research for a maintenance grant. 


Tue Universiry, LIVERPOOL. [Received, July 9th, 1925.] 


CCCXLVII.—The Parachor and Chemical Constitution. 
Part III. Orientation Isomerism in Aromatic 
Compounds. 


By SamMvEt SuepEN and HEenry WILKINS. 


Ir has been shown in previous papers that in two classes of isomeric 
substances, namely, metameric esters (Sugden, J., 1924, 125, 
1185) and geometrical isomerides (Sugden and Whittaker, this 
vol., p. 1868), differences in constitution produce little or no change 
in the value of the parachor. The isomerism of these substances 
involves only a rearrangement of groups and linkings which does 
not alter the degree of unsaturation of the compound. 

In the present paper, data are presented for a number of disub- 
stituted benzene derivatives. These are of interest, since in many 
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cases, ¢.g., the chloro- and bromo-nitrobenzenes, the isomerides 
differ markedly in the reactivity of the halogen atom. Further, 
it has been shown previously (Sugden, Joc. cit.) that the data of 
Turner and Merry (J., 1910, 97, 2075) give, for m-toluonitrile, a 
much lower parachor than is found for the o- and p-isomerides. 
We have therefore determined the surface tension and density of 
a number of orientation isomerides of this type, and the parachors 
calculated from the data thus obtained are collected in Table I. 
The constants for the xylenes are derived from the measure- 
ments of Schiff (Annalen, 1884, 223, 47), those for p-nitrotoluene 
and p-chloronitrobenzene from the observations of Sugden (J., 
1924, 125, 1167), and the remainder from new measurements, 
details of which are given in the experimental portion of this paper. 


TABLE I. 
Ortho. Meta. Para. Cale. 
NE i rviicssenewninriduiaveneene 283-3 283-8 283-8 285-1 
TERRE <n sccaesnvscececsccse 301-1 300-6 302-8 303°1 
Chloronitrobenzenes ............... 299-9 298-9 300-0 301-2 
Bromonitrobenzenes ............ 312-9 313-5 313-5 315-0 
PIII hiciccaceecinavedoonsous 290-6 295-6 294-4 292-9 


It will be seen from the table that, within the limits of experi- 
mental error (about + 2 units), there is no appreciable difference 
between the parachors of ortho-, meta-, and para-isomerides, but 
that all the substances studied give constants in good agreement 
with the theoretical values tabulated in the last column. We 
have failed to confirm the lower value for m-toluonitrile obtained 
from Turner and Merry’s data, and find that this substance behaves 
normally. 

It has been assumed in previous papers on the parachor that 
benzene and its derivatives have the Kekulé formula (I), for which 
the structural constant to be added to the sum of the atomic con- 
stants to obtain the calculated value of the parachor would be 


H 
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75-7 units. The symmetrical electronic structure (II) should give 
the same constant, since it represents an equal degree of unsatura- 
tion, but the Dewar formula (III) should give a smaller constant 
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70-4.* The good agreement between the observed and the cal- 
culated parachors shows that the Kekulé formula or formula II 
will serve to reproduce the experimental figures. It is interesting 
to note, however, that in all cases but two the observed parachor 
is lower than the theoretical figure. This is not inconsistent with 
the theory of Ingold (J., 1922, 121, 1123) that benzene and its 
derivatives are equilibrium mixtures of tautomerides, one of which 
possesses the bridged structure (III). 

It is evident from the data for the chloro- and bromo-nitro- 
benzenes that the reactivity of the halogen atom in the ortho- and 
para-compounds and its inertness in the meta-compound are not 
due to differences in the molecular volume, for the three isomerides 
have almost exactly the same parachor. This result was not 
unexpected, since it has been found in other cases (this vol., p. 1868) 
that isomerides possessing the same degree of unsaturation show 
no differences in their parachor. ‘The structural constants which 
have to be added to the sum of the atomic constants in calculating 
the parachor appear to depend chiefly on the degree of unsatur- 
ation, i.e., on the crowding of electronic orbits, and if the reactivity 
of the halogen atoms is explained by the concentration of electrons 
about alternate carbon atoms the effect of the sparseness of dis- 
tribution about the other three carbon atoms would act in the 
opposite direction, so that the total effect on the parachor would 
be very small. 

The good agreement between the observed and the calculated 
values for the three toluonitriles gives further evidence for the 
view expressed in a previous paper (Sugden, Joc. cit., p. 1186 f) 
that the triple bond in the CN group has the same effect on the 
parachor as that in acetylene derivatives. There is no need, 
therefore, to assume that this radical has the special structure, 
suggested by Langmuir (J. Amer. Chem. Soc., 1919, 41, 905), of 
two nuclei within a single octet. 


EXPERIMENTAL. 


In the course of this work new measurements have been made 
of the surface tension and density of ten disubstituted benzene 
derivatives over a range of temperatures. Surface tensions were 
determined by the method of maximum bubble pressure (Sugden, 
J., 1922, 121, 858; 1924, 125, 27). The constants for the bubblers 
used are: Apparatus 4d, 5a, 5b; 7, 0-139, 0-140, 0-140 cm., 


* This figure is obtained by adding the constants for two double bonds 
and two four-membered rings. 

+t On this page, in the second line below the table, for “ hydrogen ’ 
“ nitrogen.” 


5 


read 
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respectively ; A 0-007767, 0-006805, 0-009655, respectively. 
Densities were determined by the U-shaped pyknometer described 
previously (J., 1924, 125, 1171) and are given in g./c.c. All tem- 
peratures quoted are corrected by comparison with a standard 
thermometer with an N.P.L. certificate and are corrected for 
exposed stem. 

The tables below are set out in the same manner as those in 
previous papers of this series and do not need further description. 
The parachor in the last column is calculated by the formula 


[P] = 14M /(D — a), 


where y is the surface tension, M the molecular weight, D the 
density of the liquid, and d the density of the vapour. For the 
substances studied in the present paper, d is very small and has 
been neglected. 

o-Nitrotoluene was fractionated; the portion used boiled at 
219—219-5° (corr.)/762 mm. Densities determined: D}** 1-162, 
Di 1-146, D#* 1-126, DP’ 1-103, whence Di = 1-180 — 0-00098 t. 


App. t. i D. 9. 7 Parachor. 
4d 19-5° 5266 1-161 1-0207 41-76 300-1 
- 44-5 4873 1-136 1-0220 38-69 300-9 
62-5 4627 1-119 1-0228 36-76 301-6 
oe 79-0 4363 1-102 1-0238 34-70 301-9 
Mean 301-1 


m-Nitrotoluene was purified by repeated freezing; the specimen 
used melted at 16° (corr.). Densities determined: D%®" 1-161, 
D3? 1-145, Di 1-124, Di 1-101, Di?” 1-063, whence Di: = 1-180 — 
0-00095 7. 


App. t. FP. D. d- ¥- Parachor. 
5a 20° 5971 1-161 1-018 41-36 299-4 
ai 42 5586 1-140 1-019 38-73 300-0 
‘ 64 5240 1-119 1-020 36-37 300-9 
‘e 91 4811 1-094 1-0215 33-45 301-3 
* 116 4385 1-070 1-023 30-53 301-2 
Mean 300-6 


o-Chloronitrobenzene was recrystallised from ligroin. The speci- 
men used melted sharply at 33° (corr.). Densities determined : 
DE” 1-348, DE” 1-320, DY" 1-297, Di” 1-276, whence Di = 
1-398 — 0-00110 ¢. 


App. t. F. D. >. 7 Parachor. 
4d 50-5° 5318 1-342 1-0238 42-29 299-2 
ne 70:5 4999 1-320 1-0249 39-80 299-7 
- 91-5 4669 1-297 1-0262 37°23 299-9 
in 121 4263 1-265 1-0279 34-04 300-8 


Mean 299-9 
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m-Chloronitrobenzene was recrystallised from absolute alcohol 
and melted sharply at 46° (corr.). Densities determined: D** 
1-343, Di 1-336, Di? 1-314, Di 1-304, Di 1-296, Di?" 1-257, 
whence Di. = 1-398 — 0-00111 ¢. 


App. t. os DP, >. 7: Parachor. 
4d 60-5° 5255 1-331 1-0238 41-79 300-9 
” 74:5 4867 1-315 1-0255 38-76 298-9 
oe 90-5 4546 1-298 1-0269 36-27 297-8 
9 129 3974 1-255 1-0297 31-77 298-0 
Mean 298-9 


o-Bromonitrobenzene was recrystallised from absolute alcohol; 
the specimen used melted at 39° (corr.). Densities determined : 
D3" 1-664, D% 1-650, Di 1-635, D% 1-622, whence Di = 
1-735 — 0-00133 t. 


App. ‘ f. D. d. 7: Parachor. 
5b 55-5° 5436 1-661 1-0287 43-44 312-2 
3 67-5 5267 1-645 1-0294 42-12 312-8 
80 5068 1-629 1-0302 40-56 313-0 
- 94-5 4863 1-609 1-:0311 38-94 313-7 
Mean 312-9 


m-Bromonitrobenzene was recrystallised from absolute alcohol 
and melted sharply at 55-5° (corr.). Densities determined: D?* 
1-651, Dit” 1-636, Di 1-621, D% 1-612, whence Di. = 1-728 — 
0-00130 ¢. 


App. é. ru D. d. - Parachor. 
4d 63° 5310 1-646 1-0292 42-45 313-3 
ae 71+5 5172 1-635 1-0297 41-36 313-3 
a 83 5010 1-620 1-0304 40-10 313-9 
- 91 4863 1-610 1-0311 38-94 313-5 
Mean 313-5 


p-Bromonitrobenzene was recrystallised from absolute alcohol 
and melted sharply at 127° (corr.). Densities determined : D}*" 1-563, 
Di?" 1-552, Di" 1-536, Dit 1-523, whence D% = 1-736 — 0-00130 ¢. 


App. t. P. D. ¢. 7 Parachor. 
4d 132° 4304 1-564 1-0342 34-58 313-3 
‘ 145 4119 1-547 1-0353 33°12 313-3 
io 159-5 3947 1-529 1-0364 31-78 313-7 
Ps 170 3800 1-515 1-0375 30°63 . 313-7 
Mean 313-5 


o-Toluonitrile was redistilled four times; the fraction used 
boiled at 205—205-5° (corr.)/759 mm. Densities determined: Di* 
0-993, D3 0-976, Di? 0-965, D%" 0-948, whence Di: = 1-017 — 0-00072 t. 


App. ‘ Ps D. od. 7: Parachor. 
4d 51° 4457 0-980 1-:0207 35-34 291-4 
es 69 4200 0-967 1-:0217 33°33 291-0 
a 90 3897 0-952 1-0230 30-96 290-2 
” 116-5 3570 0-933 1-0246 28-41 289-8 
i Mean 290-6 


4 p* 
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m-Toluonitrile was redistilled ; the fraction used boiled at 213° 
(corr.)]759 mm. Densities determined: Di 0-987, D?* 0-969, 
D*!* 0-953, D®* 0-936, whence Di = 1-003 — 0-00082 t. 


App. é. r. Pp, ¢. y: Parachor. 
4d 18-5° 4827 0-988 1-0193 38-20 294-7 
“a 47 4435 0-964 1-0205 35-16 295-8 
me 64:5 4177 0-950 1-0214 31-14 295-8 
BS 86-5 3889 0-932 1-0225 30-88 296-2 
Mean 295-6 


The purity of this specimen was further tested by hydrolysing 
it to the corresponding acid with caustic potash. The crude 
product, obtained in 95° yield, melted at 105° and, after one 
recrystallisation, sharply at 112° (corr.) and was therefore pure 
m-toluic acid. Turner and Merry (loc. cit.) give densities for this 
substance which lead to the formula D‘{. = 1-048 — 0-00080 7. 
These densities are much higher than those found by the authors 
and also much higher than the values found by Turner and Merry 
for the ortho- and para-isomerides. It seems probable that the 
specimen used by these workers was not sufficiently pure. 
p-Toluonitrile was recrystallised from absolute alcohol and 
melted sharply at 29° (corr.). Densities determined: D*° 0-971, 
D* 0-955, Di? 0-945, DY 0-931, whence Dj = 1-004 — 0-00078 ¢. 


App. t. og 2. 9. 7: Parachor. 
4d 51-5° 4328 0-964 1-0210 34-32 294-1 
- 67-5 4116 0-951 10217 32-67 294-4 
e 82:5 3909 0-939 1-0226 31-05 294-3 
% 96 3754 0-929 1-0233 29-84 294-7 
Mean 294-4 


One of us (8S. 8.) is indebted to the Research Fund Committee 
of the Chemical Society for a grant which has partly defrayed the 
expense of this investigation. 


BIRKBECK COLLEGE (UNIVERSITY OF LONDON), 
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CCCXLVIII.—The Conversion of r-Phenyl-a-naphthyl- 
glycollic Acid into Ketones. 


By Avex. McKenzie and Harotp James TATTERSALL. 


StncE phenyl-«-naphthylglycollic acid was required for several 
purposes, a convenient method for its preparation is described in 
the present paper. 

The dehydration of «-naphthylhydrobenzoin with cold concen- 
trated sulphuric acid led to the formation of the compound obtained 
by the deamination of §-hydroxy-«$-diphenyl-8-naphthylethylamine 
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(McKenzie and Roger, J., 1924, 125, 844). This compound was 
subsequently shown to be diphenylacetonaphthone, but it was not 
the sole product of the dehydration in question, since the isomeric 
a-naphthyldeoxybenzoin also was isolated from the oil from which 
the naphthone had been partly separated. Some difficulty was 
experienced in separating the two isomerides in a state of purity, 
because they melt at practically the same temperature. The action 
of hot dilute sulphuric acid, when applied for the dehydration of 
a-naphthylhydrobenzoin, pursued a somewhat different course from 
that of the concentrated acid, inasmuch as three distinct isomerides, 
namely, naphthyldeoxybenzoin, diphenylnaphthylacetaldehyde and 
diphenylnaphthylethylene oxide, were shown to be present (McKen- 
zie and Dennler, J., 1924, 125, 2105). Meanwhile, the dehydration 
of «-naphthylhydrobenzoin was also under investigation by Tiffeneau 
and Orékhov (Compt. rend., 1924, 178, 1619), who isolated 
«-naphthyldeoxybenzoin by the use of concentrated sulphuric acid. 
Professor Tiffeneau kindly provided us with a specimen of his 
compound, and we were able to prove, by means of determinations 
of the melting point of the mixture and by the colour reaction with 
concentrated sulphuric acid, that it was identical with the «-naphthyl- 
deoxybenzoin prepared in this laboratory. We have now prepared 
this ketone by a method which does not depend on a semipinacolinic 
transformation, and it is anticipated that the data which have been 
accumulated may in due course be of service in the field of 
optical activity. 

A novel application of Grignard reagents was described by 
McKenzie and Boyle (J., 1921, 119, 1131), who showed that the 
interaction of diphenylchloroacetyl chloride and magnesium phenyl 
bromide pursued an abnormal course. Neither §-benzopinacolin 
nor pentaphenylethanol was obtained, the product being phenyl- 
deoxybenzoin (compare McKenzie and Roger, loc. cit., p. 849). 
Phenyl-a«-naphthylglycollic acid was accordingly converted by means 
of phosphorus pentachloride into phenyl-«-naphthylchloroacetyl 
chloride, which was then acted on by an excess of magnesium phenyl 
bromide. «-Naphthyldeoxybenzoin was thus obtained, and its 
preseer may be attributed to the following changes : 


acon + 2MgPhBr = C, ee >C: CO + Ph.Ph + 2MgCIBr, 


© 5 SC: CO + MgPhBr = (els>c:0<DMeBr, 


2 a 
> CC< py e+ 1,0 = c SoHe>C:C< py + Meow 
C Cesc — 6H o> CH: COPh. 


4p*?2 
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It is here assumed that the initia] phase consists in the production 
of phenyl-«-naphthylketen. Now, Wilsmore and Deakin (J., 1905, 
97, 1968) have shown that acetone can be obtained from keten and 
magnesium methyl iodide, and the isolation of phenyldeoxybenzoin 
(designated at the time as triphenylvinyl alcohol) from dipheny]- 
keten and magnesium phenyl bromide (Staudinger, Annalen, 1907, 
356, 70) renders it probable that this application of Grignard 
reagents on ketens is applicable generally. 

In the above scheme the final phase involves the desmotropy of 
a substituted vinyl alcohol. Although the introduction of aromatic 
groups into vinyl alcohol tends to make the configuration of the 
substituted compound much more stable than that of vinyl alcohol 
itself, as is shown by the isolation of phenyldiphenyleneviny] alcohol 
by Kurt Meyer and Gottlieb-Billroth (Ber., 1921, 54, 575), we have 
not observed that naphthyldeoxybenzoin exhibits any tendency 
to enolisation. It is not soluble in aqueous alkali, it gives no 
coloration with ferric chloride, nor does it decolorise an alcoholic 
solution of bromine. Moreover, it behaves as a typical ketone when 
acted on by magnesium methyl iodide, and its disruption with 
alcoholic potash is also in accordance with the ketonic structure. 

Ketones were also isolated when phenyl-«-naphthylchloroacety] 
chloride was acted on in a similar manner by the Grignard reagents 
prepared from methyl iodide, «-bromonaphthalene, and p-bromo- 
toluene, respectively. Those substances displayed no _ enolic 
reactions; they did not decolorise an alcoholic solution of bromine, 
and they were sparingly soluble both in cold and in hot N-caustic 
soda. In accordance with the assumption that ketens are produced 
initially, it was noted that the solutions became coloured during 
the action of the acid chloride with the Grignard reagents, and the 
crude products after the decomposition of the magnesium complexes 
were resinous in appearance, possibly due to the presence of 
polymerised ketens. 

Phenyl-«-naphthylglycollic acid was reduced by hydriodic acid 
and phosphorus to phenyl-«-naphthylacetic acid, and it was expected 
that «-naphthyldeoxybenzoin would result from the application 
of the Friedel and Crafts reaction on phenyl-«-naphthylacetyl 
chloride, thus; C,,.H,-CHPh-COC] —> C,)H,-CHPh:COPh. We 
were unable to obiain any evidence that the action took this 
course, and this was all the more surprising, since diphenylacety] 
chloride behaves in the usual manner, giving phenyldeoxybenzoin 
with benzene and aluminium chloride (Klingemann, Anznalen, 
1893, 275, 83), and diphenylacetonaphthone with naphthalene and 
aluminium chloride (McKenzie and Dennler, loc. cit.). One of the 
products was a compound melting at 115-5—116-5°, and its analysis 
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showed that the reaction had proceeded in a manner altogether 
unexpected, inasmuch as one molecular proportion of hydrogen 
chloride was eliminated from the acid chloride. Now, according to 
Béeseken (Proc. K. Akad. Wetensch. Amsterdam, 1909, 12, 417; 
Rec. trav. chim., 1913, 32, 1; compare also Wieland and Bettag, 
Ber., 1922, 55, 2246), the initial attack of the aluminium chloride 
during a Friedel and Crafts reaction is not on the hydrocarbon but 
on the acid chloride. In the case we have studied, it is not unlikely 
that an additive compound of the acetyl chloride and aluminium 
chloride was formed, in which compound both the hydrogen 
(attached to the asymmetric carbon atom) and the chlorine of the 
—COCI group may be more mobile than in the acid chloride itself. 
We have not investigated the product fully, but it does not exhibit 
the properties of a keten, although its analysis accords with that of 
phenyl-«-naphthylketen. 


EXPERIMENTAL. 
r-Phenyl-«-naphthylglycollic Acid.—Beckmann and Paul (Annalen, 
1891, 266, 1) obtained this acid by acting on the sodium derivative 
of phenyl «-naphthyl ketone with carbon dioxide, and one of us 
(J., 1906, 89, 365), in the course of work on asymmetric synthesis, 
obtained the acid from magnesium «-naphthyl bromide and /-bornyl 
benzoylformate. The method now described is based on the lines : 
COPh-CO,Et —> (I)CyH,*CPh(OMgBr)-CO,Et — 
C,9H,"CPh(OH)-CO,Et —> C,)H,°*CPh(OH)-CO,H. 
The two ketonic groups in ethyl benzoylformate are not equally 
prone to attack by Grignard reagents, the one to which the phenyl 
group is attached being very readily acted on, whereas the other in 
the carbethoxy group is remarkably stable (J., 1904, 85, 1249; 
Roger, this vol., p. 518). No special precautions need, therefore, 
be observed in regulating the interaction of the ketonic ester and 
magnesium «-naphthyl bromide by using the latter in the quantity 
necessary to combine with one of the carbonyl groups only, since 
the magnesium complex (I) is not readily susceptible to further 
attack by the reagent. 

Benzoylformic acid, prepared by the oxidation of mandelic acid 
with alkaline permanganate, was converted into its ethyl ester, 
which had b. p. 127°/10 mm., whereas Acree (Amer. Chem. J., 
1913, 50, 391) gives 125°/9 mm. 

For the preparation of the hydroxy-acid the following procedure 
is typical. An ethereal solution of 73 g. of ethyl benzoylformate 
(1 mol.) was added within 40 minutes to the Grignard reagent 
prepared from 134 g. of «-bromonaphthalene (slightly more than 
14 mols.). The flask was surrounded by ice, and at no time was 
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the reaction allowed to become vigorous. After the mixture had 
been warmed for 1 hour, ice and dilute sulphuric acid were added, 
the ethereal solution was separated, and after the expulsion of the 
ether the residual oil was heated with a slight excess of alcoholic 
potash for 2 hours. The solution was then distilled with steam to 
remove alcohol, naphthalene, and dinaphthyl, the residue was 
extracted with ether, and the aqueous solution of potassium phenyl- 
a-naphthylglycollate decolorised by charcoal. The acid, which is 
very sparingly soluble in water, was precipitated by an excess of 
dilute hydrochloric acid. It separated (with 2 mols. H,O) from 
aqueous alcohol in prismatic needles, m. p. 112—118° (Beckmann 
and Paul give 108—115°). Yield: 79 g. 

The anhydrous acid was obtained by crystallising the hydrated 
acid from benzene, from which it separated in colourless prisms, 
melting to a green liquid at 146—147° (Beckmann and Paul give 
148°). It gives a green coloration with cold concentrated sulphuric 
acid * (Found in silver salt: Ag, 28-2. C,,H,,0,Ag requires 
Ag, 28-2%). 

Conversion of Phenyl-«-naphthylglycollic Acid into «-Naphthyl- 
deoxybenzoin.—A mixture of the anhydrous hydroxy-acid (54 g.) 
and phosphorus pentachloride (159 g.) was heated on the steam- 
bath for 3 hours until the evolution of hydrogen chloride was com- 
pleted. Whilst still hot, the oil was poured upon crushed ice in a 
flat dish; it gradually hardened to a yellow solid, which was pow- 
dered under water and kept in contact with water over-night in the 
ice-chest. The solid was washed with ice-cold water, dried in a 
vacuum, and crystallised from benzene-light petroleum (b. p. 
80—100°). Yield: 45g. . 

Phenyl-«-naphthylchloroacetyl chloride, CyjH,*CPhCl-COCI, separ- 
ates from benzene and light petroleum in colourless, hexagonal 
plates, m. p. 155—156° (Found: Cl, 22-8. C,,H,,OCI, requires 
Cl, 22-5%). It is somewhat sparingly soluble in ether. It gives 
no coloration with cold concentrated sulphuric acid. 

5 G. of the acid chloride (1 mol.) were added gradually to the 
Grignard reagent prepared from 17 g. of bromobenzene (6 mols.). 
After each addition the reaction was vigorous, the ether boiling 
briskly. The mixture was heated for 2 hours, and ice, ammonium 
chloride, and ammonia were then added. The ether was removed 
from the ethereal solution, and the product was distilled in steam 
to remove benzene and diphenyl. The residue was extracted with 
ether, the extract dried with anhydrous sodium sulphate, and after 
expulsion of the ether, the oil was dried in a vacuum for several days. 


* In the colour reactions with sulphuric acid described in this paper, only 
a trace of the compound added was used. 
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The resin was then triturated with benzene-light petroleum (b. p. 
40—60°); the undissolved solid (1-6 g.) was crystallised first from 
light petroleum and finally from aqueous alcohol; 1-1 g. of pure 
a-naphthyldeoxybenzoin (m. p. 109—110°), crystallisingin octahedral 
prisms, were thus obtained (Found: C, 89-1; H, 5-7. Calc., 
C, 89-4; H, 5-6%). Its identity with the «-naphthyldeoxybenzoin 
prepared by McKenzie and Dennler (/oc. cit.) was established by the 
melting point of the mixture not being depressed, and by the 
coloration with concentrated sulphuric acid. 

Action of Magnesium Methyl Iodide on «-Naphthyldeoxybenzoin.— 
1-7 G. of «-naphthyldeoxybenzoin (1 mol.) were acted on by the 
Grignard reagent prepared from 7-5 g. of methyl iodide (10 mols.). 
The heating was continued for 10 hours, and the product decom- 
posed by ice and dilute sulphuric acid. 

«8-Diphenyl-a(«-naphthyl)-propan-B-ol, C9H,*CHPh-CMePh:-OH, 
separates from rectified spirit in glistening needles, m. p. 124—125° 
(Found: C, 88-9; H, 6-6. C,;H,.O requires C, 88-7; H, 66%). 
It is readily soluble in ether, acetone, chloroform, or benzene, and 
moderately soluble in ethyl alcohol and hot light petroleum. It 
gives no coloration after 5 minutes when dissolved in cold concen- 
trated sulphuric acid. 


Action of Benzene and Aluminium Chloride on Phenyl-«-naphthyl- 
acetyl Chloride. 


Phenyl-a-naphthylacetic Acid.—Phenyl-«-naphthylglycollic acid 
(29 g.), glacial acetic acid (100 c.c.), concentrated hydriodic acid 
(7-5 g.), and red phosphorus (7-5 g.) were heated together for 1 hour 
on the steam-bath. Addition of water to the filtered solution 
precipitated a gum, which solidified gradually and was then crystal- 
lised from aqueous alcohol; phenyl-«-naphthylacetic acid separated 
in rosettes of needles, m. p. 140—141° (Found: C, 82-2; H, 5-6. 
Cale., C, 82-4; H, 5-4%). Yield: 20 g. This is a much more 
convenient preparative method than that described by Michael and 
Jeanprétre (Ber., 1892, 25, 1615), who obtained the acid (m. p. 
141°) from phenyl-«-naphthylacetonitrile. 

The acid is readily soluble in ether, ethyl alcohol, benzene or 
light petroleum, and it gives a cherry-red coloration with cold 
concentrated sulphuric acid. 

A mixture of phenyl-«-naphthylacetic acid (19 g.) and thionyl 
chloride (35 g.) was heated until the evolution of hydrogen chloride 
ceased, and the excess of thionyl chloride was then removed in a 
vacuum over soda-lime. The resulting oil solidified gradually, and 
was then crystallised from benzene-light petroleum (b. p. 40—60°). 
Yield: 16 g. Phenyl-«-naphthylacetyl chloride, C,j)H,*CHPh-COCI, 


2528 MCKENZIE AND TATTERSALL : THE CONVERSION OF 


crystallises in needles, m. p. 74:5—75-5° (Found: Cl, 12-8. 
C,,H,,0Cl requires Cl, 12-7%). It is very soluble in benzene, and 
sparingly soluble in light petroleum. 

The acid chloride (16 g.) was heated with benzene (160 c.c.) 
and freshly-sublimed aluminium chloride (34 g.) for 14 hours until 
the evolution of hydrogen chloride was completed. The mixture 
was decomposed by ice and hydrochloric acid, the benzene layer 
shaken with an aqueous solution of sodium bicarbonate, and the 
benzene removed by steam. ‘The resulting oil solidified slowly, and 
the solid (7 g.) was crystallised twice from ether-light petroleum 
(b. p. 80—100°), and finally from methyl alcohol. The resulting 
compound, which did not contain chlorine, crystallised in rectangular 
plates, m. p. 115-5—116-5° (Found: C, 88-2; H, 5:1. (C,,H,,0 
requires C, 88-5; H, 5-0%). It is readily soluble in acetone or 
chloroform; sparingly soluble in cold methyl alcohol or ethyl 
alcohol, but readily soluble on heating; sparingly soluble in boiling 
light petroleum (b. p. 40—60°); when heated with aqueous N- 
caustic soda, an intense magenta coloration appears. It does not 
decolorise an alcoholic solution of bromine. The analytical figures 
and the melting point did not agree with those required for 
a-naphthyldeoxybenzoin, nor did the substance possess the proper- 
ties of the latter. With cold concentrated sulphuric acid it gave an 
intense yellow coloration, and when mixed either with «-naphthy]l- 
deoxybenzoin or with diphenylacetonaphthone the melting point 
was in each case depressed. 

The above compound was not the only product of the Friedel 
and Crafts reaction, since from the gums resulting from the several 
preparations a solid separating from aqueous alcohol in prisms, 
m. p. 240—241°, was isolated, and this gave with cold concentrated 
sulphuric acid a brown coloration changing to olive-green. 


Action of Grignard Reagents on Phenyl-a-naphthylchloroacetyl 
Chloride. 


Phenyl-«-naphthylacetone.—5 G. of phenyl-«-naphthylchloroacetyl 
chloride (1 mol.) were added gradually to the Grignard reagent 
prepared from 18 g. of methyl iodide (7 mols.). The ether boiled 
briskly and a green coloration was noted. After heating for 3 hours, 
the mixture was decomposed by ice, ammonium chloride, and 
ammonia, and the ether distilled from the ethereal solution. The 
resulting oil (4 g.) was crystallised from aqueous alcohol. 

Phenyl-a-naphthylacetone, Cj)H,-CHPh-COMe, separates from 
aqueous alcohol in square plates, m. p. 84-5—85° (Found : C, 87-2; 
H, 6-4. (C,,H,,O requires C, 87-6; H, 62%). Yield: 1g. Itis 
very insoluble in water, and readily soluble in ethyl alcohol, benzene, 
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chloroform, acetone, or ethyl acetate. It gives a crimson coloration 
with cold concentrated sulphuric acid, and no coloration with 
alcoholic ferric chloride. 

The ketone was disrupted by heating with alcoholic potash for 
4 hours, when phenyl-a«-naphthylmethane and acetic acid were 
identified as the products of the action : 


C,,H,*CHPh--COMe 
H--OH ° 


Phenyl-«-naphthylacetonaphthone.—10 G. of phenyl-«-naphthyl- 
chloroacetyl chloride (1 mol.) were added during 20 minutes to the 
Grignard reagent prepared from 40 g. of «-bromonaphthalene 
(6 mols.). The action was brisk, and the solution became yellow. 
After 2} hours’ heating, decomposition was effected by ice and dilute 
sulphuric acid, the ether was expelled, and the naphthalene and 
dinaphthyl partly removed by steam distillation. The aqueous- 
alcoholic solution of the resulting oil was decolorised with charcoal, 
and from the filtrate some dinaphthy] first separated. The latter 
was removed, and the crude ketone (2 g.) separated on concentration 
of the solution. It was purified by further crystallisation from 
aqueous alcohol. 

Phenyl-«-naphthylacetonaphthone, Cj)H,"CHPh°CO-C,,H,, separ- 
ates from light petroleum in prisms, m. p. 125—126° (Found : 
C, 90:0; H, 5-6. C,,H.O requires C, 90-3; H, 54%). It gives 
an orange-yellow coloration with cold concentrated sulphuric 
acid. 

a-Naphthoic acid was isolated from the solution obtained by 
heating the ketone with alcoholic potash for 6 hours. 

Phenyl-«-naphthylmethyl p-Tolyl Ketone.—Phenyl-«-naphthyl- 
chloroacetyl chloride (5 g.) was gradually added to the Grignard 
reagent prepared from p-bromotoluene (20 g.). The solution 
became green, and after the vigorous action had subsided, the mix- 
ture was heated for 5 hours and decomposed by ice, ammonium 
chloride, and ammonia. The residual oil from which the bulk of 
the ditolyl had been removed by steam was extracted with ether. 
When the ethereal solution was concentrated, 2-4 g. of the nearly 
pure ketone separated, and this was crystallised from aqueous 
alcohol. 

Phenyl-a-naphthylmethyl p-tolyl ketone, C,H,-CHPh-CO-C,H,, 
separates from aqueous alcohol, or from benzene-light petroleum 
(b. p. 60—80°) in prisms, m. p. 141—142° (Found : C, 89-2; H, 6-1. 
C,;H.,0 requires C, 89:2; H, 60%). With cold concentrated 
sulphuric acid it gives a yellow coloration. It is readily soluble in 
benzene or ethyl alcohol, and sparingly soluble in light petroleum. 
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When heated with alcoholic potash for 3} hours, it underwent 
disruption according to the scheme : 


C,9H,-CHPh--CO-C,H,Me , 
H--OH ; 


phenyl-«-naphthylmethane and p-toluic acid were isolated. 
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CCCXLIX.—Olefinic Terpene Ketones from ihe Volatile 
Oil of Flowering Tagetes glandulifera. Part I. 


By Tuomas GiBert Henry JoNeES and FRANK BERRY SMITH. 


Tagetes glandulifera (n.o. Composite), an annual native to South 
America, is a conspicuous floral feature in portions of coastal Queens- 
land, attracting attention by reason of its powerful and somewhat 
unpleasant perfume at the flowering period. The flowers are borne 
in dense terminal panicles, and the calyces are distinguished by 
abundant and clearly visible oil glands. In view of characters, 
somewhat unusual in essential oils of Composite, displayed by the 
flower oil of 7’. petula (Schimmel and Co. Rep., November, 1908, 
p. 141; April, 1909, p. 87) and by that of 7’. annisata (Zelada, 
thr. Chem. Abs. 1922, 4011), the volatile oil yielded by the flowers of 
T'. glandulifera was deemed to merit investigation; and to that end 
quantities of the flowering plants were gathered in the neighbourhood 
of Brisbane in the autumns of 1923 and 1924, and steam distilled. 
The volatile oil of flowering 7’. glandulifera contains, in addition 
to terpenic constituents, ocimene (30%) and d-limonene (3%), 
two closely related and hitherto unrecorded ketones of the olefine 
terpene series, comprising respectively 5—10 and 50—60% of the 
oil and having molecular compositions C,gH,,0 and ©, H,,0. 
The behaviour and properties of these ketones indicate that they 
are yy-dimethyl-A*-octen-c-one, CH,.CH*CHMe-CH,°CO-CH,°CHMe, 
and y-methyl-y-methylene-A*-octen-e-one, 
CH,:CH-C(°CH,)-CH,*CO-CH,°CHMe,, 
respectively. The name éagetone is proposed for the latter ketone, 
which is the principal and characteristic constituent of the volatile 
oil. From our observation of a small quantity of the volatile oil 
of the flowers.of 7’. petula and from the recorded characters of that 
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oil, it appears probable that it also contains tagetone as a main 
constituent. 

yn-Dimethyl-A+-octen-e-one, isolated from the lower-boiling frac- 
tions and purified by regeneration from the semicarbazone (m. p. 


. 92-5°), is a colourless, mobile liquid boiling at 185°/760 mm. and 


possessing small but distinct optical activity. It forms a liquid 
dibromide, and is reduced by hydrogen in presence of a catalyst to 
a saturated ketone, Cjy9H 90 (yy-dimethyloctan-e-one). 

Oxidation of y-dimethyl-A+-octen-c-one with potassium per- 
manganate in acetone at 0° gave as main product a ketonic acid, 
CyH,,0, (8-isovaleryl-«-methylpropionic acid), together with smaller 
amounts of isovaleric and formic acids. The keto-acid had the 
characteristics of a y-ketonic acid, and was optically active, with 
small rotation opposite in direction to that of the parent ketone. 

The keto-acid, of which relatively little was available for oxidation 
experiments, was attacked slowly by permanganate in acetone at 
30°, the greater portion being recovered; the products were iso- 
valeric and acetic acids together with a small quantity of solid acid, 
presumably dibasic, insufficient for identification. With aqueous 
alkaline permanganate, oxidation proceeded readily at 0°, con- © 
siderably more of the oxidant being consumed than required for the 
primary products theoretically indicated ; there were isolated acetic 
acid in large amount, one molecular proportion of oxalic acid, and a 
smaller quantity of isovaleric acid. With chromic acid, the product 
consisted mainly of acetic acid, although isovaleric acid was obtained 
and a small amount of methylsuccinic acid. 

Oxidation of the saturated ketone (y-dimethyloctan-e-one) with 
3% alkaline aqueous permanganate at the ordinary temperature 
(25—30°) yielded «-methylbutyric, acetic, and oxalic acids; but 
no isovaleric acid. With chromic acid, the products were 6-methyl- 
valeric, «-methylbutyric, and acetic acids. The formation of these 
acids on oxidation, in conjunction with the production of isovaleric 
acid from the unsaturated ketone, shows that the saturated ketone 
is yy-dimethyloctan-e-one, CH,-CH,*CHMe-CH,°CO-CH,°CHMe,. 

Tagetone is a light yellow liquid with a peculiar and characteristic 
odour, and comprises the highest-boiling fraction of the volatile oil. 
It is remarkably prone to alteration; readily absorbs oxygen, and 
polymerises slowly at the ordinary temperature and rapidly on 
heating, the change being almost complete at the boiling point 
(210°/760 mm.). On heating with dilute acids and dilute aqueous 
alkali, indefinite resinous substances are formed. It reacts vigor- 
ously with sodium on warming, a red, resinous mass being produced ; 
a trace of sodium ethoxide imparts a deep red colour. Sodium 
slowly reacts with the substance dissolved in anhydrous ether, a red 


2532 JONES AND SMITH: OLEFINIC TERPENE KETONES FROM THE 


sodium salt being produced. In reaction with bromine four atoms 
are added to the ketone, but hydrogen bromide is immediately 
evolved; a definite bromide could not be isolated. 

Crystalline derivatives of tagetone were not obtained. The 
product of reaction with semicarbazide was resinous and uncrystal- 
lisable; the readily formed oxime is liquid. 

The ketonic character of tagetone was fully established by its 
almost quantitative reduction, by hydrogen in presence of platinum 
black, to a saturated ketone, the identity of which with yy-dimethyl- 
octan-e-one was proved by comparison of the physical constants, 
products of oxidation, and the semicarbazones, which melted each 
separately and in admixture sharply at 91-5°. 

Reduction of tagetone with sodium in moist ether produced 
mainly a substance, C,)H,,0; another product was a stable pinacol, 
Cy9H,,0., which was also obtained by electrolytic reduction of 
tagetone in acid alcoholic solution with a platinum or nickel cathode. 

Oxidation of tagetone with aqueous alkaline permanganate 
produced principally isovaleric acid in almost quantitative yield 
and oxalic acid in one molecular proportion. 

Of the possible alternative formule assignable to tagetone, 
namely, those comprising the systems *CO*CH,°C(°CH,)-CH°CH, and 
*CO-CH:CMe-CH:CH,, the former alone seems to account for the 
behaviour of the substance on oxidation, and the reaction with 
sodium and obvious salt-formation. The tendency to assume the 
enolic form which comprises the doubly conjugated system 

-C(OH):CH-C(°CH,)-CH:CH, 
affords a ready explanation of the instability and proneness of 
tagetone to polymeric change. 

Neither yy-dimethyloctan-e-one, derived by reduction of the 
natural ketones and affording the key to their structure, nor 8-1so- 
valeryl-«-methylpropionic acid, obtained as primary product of 
oxidation of +y-dimethyl-A*-octen-e-one, has, apparently, been 
previously described. The apparent anomaly in deportment of the 
former towards aqueous alkaline potassium permanganate, 1so- 
valeric acid being wholly absent from among the products of oxida- 
tion, is probably to be attributed to rupture of the molecule at the 
7-carbon atom (compare Crossley and Perkin, J., 1898, 73, 21), 
oxalic acid being thereby produced. The synthesis of these 
substances is being undertaken. 

The position of the carbonyl group in the molecules of these new 
natural ketones corresponds to that of the same group in the 
ruptured menthonering. For the purpose of studying ring formation 
and continuing, generally, the examination of these olefinic ketones, 
a further seasonal supply of oil is awaited. 
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EXPERIMENTAL. 


The volatile oil of flowering 7'. glandulifera is a bright yellow, 
somewhat mobile liquid having the powerful cloying odour of the 
crushed flowers, reminiscent of the principal constituent and of 
olefinic terpenes. It slowly resinified on keeping, and on exposure 
left a tacky, resinous residue. 

The amount secured from approximately 14 tons of flowering 
plants, it being impracticable on the large scale to separate the 
flowers, was 3-5 kilo., equivalent to 0-5%. A yield of 1% was 
obtained in a small distillation of floral portions alone. The 
recovery of volatile oil from the plants prior to flowering was 
extremely small; the difference in constants of oils distilled from 
whole plants and floral portions would, however, indicate that at 
flowering the proportion of terpenic constituents is considerably 
augmented by the leaves, and that the seat of the ketones is mainly, 
if not exclusively, the floral parts. 

Evidence of considerable resinification during distillation was 
seen in the viscid yellow resin coating the still-head and still residues. 

The constants recorded for the oils were the following: Oil from 
flowering plants, d°* 0-8638; nj” 1-4820; [«], + 4°; acid value 
2; acetyl value 33. 

Oil from flowers, d** 0-8743; n° 1-4870; [a], + 2°5°; acid 
value and acetyl value not determined. 

The usual reagents extracting practically nothing, the oil (3,800 
c.c.) was fractionally distilled at 3—4 mm. through a 3-section 
Young fractionating column, a trap cooled by liquid ammonia 
being interposed between the pump and receivers. The following 
fractions were collected : 


dis", n2, [a],. 
0O—45° ss «:11,200c.c. 0-8 285 1-4710 +9-1° 
45—50 400 0:8544 1-4710 +2 
50—58 325 0-8671 1-4770 +06 
58—65 1,150 0:8803 1-4850 +03 


Ammonia trap 50 


Loss by resinification 675 c.c. equiv. to 18%. 

Repeated refractionation, first at 3—4 mm. to reduce as far as 
possible loss by resinification, eventually yielded three main, with 
small intermediate fractions. 


qs", n®, [aly 
(a) 72—75°/24 mm. 800c.c. 0-8143 1-4695 +15° 
(6) 85—90°/24 mm. 150 0-8420 1-4523 +4 
(c) 55—65°/3 mm. _—«+i1,300 0-8804 1-4890 we 


Fraction (a) was mainly terpenic; the somewhat low refractive 
index of (b) suggested the presence of a ketone or ketones; while 
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fraction (c) was apparently practically homogeneous and comprised 
the main constituent of the oil. 

Fraction (a) was twice treated with semicarbazide acetate in 
alcohol for removal of any ketone present, the solution was neutral- 
ised, and the terpenes were distilled in steam. A quantity of 
crystalline semicarbazone remaining was digested with dilute 
sulphuric acid, and the regenerated ketone added to fraction (b). 

The distilled terpenes then had « = + 13° (J=1), and for 
separation of the active constituent were submitted to exhaustive 
refractionation under the conditions found most effective, namely, a 
Young 3-section column and 3 mm. pressure.* There were thus 
obtained a head fraction (50 c.c.) showing « = + 65° (J = 1), and 
the bulk (« = + 3°; 1 = 1). 

Identification of d-Limonene and Ocimene.—The head fraction 
was distilled from sodium and finally fractionated at atmospheric 
pressure ; it was then collected mainly at 173—178° with constants : 
d”* 0-8346; [«], + 88°; iodine value 410 (equiv. to 4:3 atoms) 
(Found: C, 88-1; H, 11-6%). 

The presence of d-limonene (admixed still with 16% of ocimene), 
suspected from the constants, was confirmed by preparation of the 
tetrabromide (m. p. 104°). 

The large subfraction, distilled from sodium, had constants 
d®* 0-8058; nj’ 1-4855; b. p. 71—72°/15 mm., 84—85°/30 mm. 
(Found : C, 87-9; H, 11-6%). 

Identity with ocimene was established by (a) reduction by 
hydrogen in presence of platinum black to dimethyloctane (b. p. 
158—159°/760 mm.; d®* 0-7406; nj”. 1-4091; (6) conversion into 
alloocimene (b. p. 185°/760 mm.; d®* 0-818; np 1-519; (c) 
reduction by sodium in alcohol to dihydroocimene, whence was 
prepared the crystalline tetrabromide (m. p. 88°). 


Isolation and Characterisation of yn-Dimethyl-A+-octen-e-one. 


In order completely to separate from associated terpene, the 
ketone of fraction (b), supplemented by ketone regained from 
fraction (a), was converted into semicarbazone. This was re- 
crystallised several times from dilute alcohol, and the ketone 
regenerated by warming with 20% oxalic acid solution and distilled 
under reduced pressure. The following constants were recorded : 
d** 0-8354, nj” 1-4295, [«]p + 1-:5°; b. p. 185—186°/760 mm., 


* Despite the higher boiling point at the ordinary pressure, d-limonene 
boils slightly below ocimene at 3—4 mm. At 30 mm., the boiling points 
apparently coinciding, no separation by fractionation was practicable. 
Separation at ordinary pressure can be slowly accomplished owing to the 
gradual production of alloocimene, b. p. 185°. 
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88—89°/30 mm. (Found: C, 77:7; H, 11-5. Cy, 9H,,0 requires 
C, 77-9; H, 11:7%). The small optical rotation was unaffected by 
further recrystallisation of the semicarbazone. 

The ketone combined neither with sodium sulphite nor bisulphite, 
nor did it react with Schiff’s reagent or ammoniacal silver. It 
was unaffected by boiling under reflux for several hours with 20% 
sulphuric acid. 

The semicarbazone crystallised from alcohol in needles, m. p. 
92-5° (Found: C, 62-2; H, 9-9; N, 19-6. C©,,H,,ON, requires 
C, 62-5; H, 9-9; N, 19-:9%). The oxime, prepared by the usual 
method, had b. p. 222°/760 mm.; d* 0-8778; [a]p + 2-4° 
(Found: N, 8-1. C,9H,,ON requires N, 8-3%). 

yn-Dimethyl-A+-octen-e-ol—To 10 g. of the ketone in absolute 
alcohol boiling under reflux was added in fragments twice the 
theoretical amount of sodium. By dilution with water and extrac- 
tion with ether an alcohol was obtained, b. p. 92°/20 mm., 
d** 0-8305; nf* 1-440; [a], + 1-75° (Found: C, 76-7; H, 12-6. 
C19H90 requires C, 76-9; H, 12-8%). A crystalline phenylurethane 
was not obtained. 

Reduction of yn-Dimethyl-A+-octen-c-one to yn-Dimethyloctan-e-one. 
—The ketone (20 g.) was repeatedly volatilised in purified hydrogen 
over a nickel catalyst on pumice in a U-tube at 180° until the 
product failed to decolorise bromine. Alternatively, reduction was 
effected at the ordinary temperature with platinum black as catalyst, 
suspended in a well-shaken ethereal solution of the ketone. The 
saturated ketone had b. p. 187—188°/760 mm.; d”* 0-8201; 
nj, 1-4205; [a]) — 1-5°. 

The semicarbazone crystallised from dilute alcohol in needles, 
m. p. 91-5° (Found: C, 61-5; H, 10-8; N, 19-6. C,,H,,ON, 
requires C, 61-9; H, 10-8; N, 19-7%). The oxime had b. p. 224— 
225°/760 mm.; d”*0-8419; n° 1-4338 (Found: N, 8-0. 
Cy 9H,,ON requires N, 8-2%). 

yn-Dimethyloctan-e-ol— By the action of sodium on yy-dimethy]- 
octan-e-one in boiling absolute alcohol was produced an alcohol of 
notably pleasant odour with constants d”* 0-8230; nj’ 1-4270; 
b. p. 195°/760 mm. (Found: C, 75-7; H, 13-7. C,9H,.O requires 
C, 75:9; H, 13-9%). A crystalline phenylurethane was not 
obtained. 

Oxidation Products of yn-Dimethyl-A-octen-e-one. Isolation of a 
Ketonic Acid, CjH,,0;.—To 25 g. of the ketone in 200 c.c. of acetone, 
cooled in ice, was added fine-sieved potassium permanganate 
(120 g.); reaction then appeared complete. The aqueous saline 
solution, obtained by thorough leaching of the precipitated oxide of 
manganese removed by filtration and washed with acetone, was 
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concentrated to small bulk and acidified. The liberated acids were 
extracted with ether, finally in a continuous extractor, and after 
esterification with ethyl alcohol were resolved by fractional dis- 
tillation into the following fractions: (a) below 100°, principally 
ethyl formate and acetate; (b) 100—130°, principally ethyl iso- 
valerate, isovaleric acid being identified by the character and 
analysis of the silver salt, and by preparation of the anilide (m. p. 
110—111°); (c) 130—180°/760 mm., a mixture of (b) and (d); 
(d) 126—130°/25 mm. This was refractionated, when the greater 
portion boiled constantly at 127°/25 mm. (Found: OC, 66-2; 
H, 10-1. C,,H,.0, requires C, 66-0; H, 10-0%). 

The ester reacted with semicarbazide and was evidently the ester 
of a ketonic acid, which, from absence of colour reaction with 
alcoholic ferric chloride and its stability towards heat, was judged 
to be a y-ketonic acid. 

The y-ketonic acid, {-isovaleryl--methylpropionic acid, was 
subsequently prepared in larger yield by oxidation of -yy-dimethy]- 
A+-octen-e-one in acetone strictly at 0° with the theoretical amount 
of permanganate, and separation as principal product from the 
extracted acids by fractional distillation under reduced pressure 
without previous esterification. It solidified below 25°, crystallising 
in long needles, and melted sharply at that temperature: b. p. 
169—171°/25 mm.; «aj — 2-1° (J = 1) (Found: C, 62-3; H, 9:3. 
C,H, ,0, requires C, 62-7; H, 9-3%). 

The semicarbazone, crystallised from water, melted at 165° 
(Found: C, 52-5; H, 8-4; N, 18-3. C,9H,,0,N, requires C, 52-4; 
H, 8-3; N, 183%). 

The semicarbazone of the ethyl ester (b. p. 127°/25 mm.), crys- 
tallised from alcohol, melted at 122°. 

Oxidation of the y-Ketonic Acid.—(a) To 5 g. of the acid was added 
aqueous alkaline 2°, permanganate (28 g., equiv. to 9 oxygen atoms) 
until reaction was complete, the whole being kept cool in an ice- 
bath. The products isolated were isovaleric acid in small amount, 
oxalic acid (1 mol.), and a large amount of acetic acid; no dibasic 
acid other than oxalic could be detected. (b) The acid in acetone 
at 30° was treated with finely sieved potassium permanganate. 
The products identified were isovaleric and acetic acids. By 
prolonged extraction with ether of the still-liquor after removal of 
the volatile acids, a trace of crystalline acid was obtained insufficient 
for identification. (c) The acid (5 g.) was refluxed for 4 hours with 
15 g. of potassium dichromate and 5 c.c. of concentrated sulphuric 
acid in 75 c.c. of water The products isolated by distillation were 
isovaleric acid in small amount and acetic acid, and by subsequent 
ether extraction methylsuccinic acid (0-15 g.), m. p. 112° after 
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recrystallisation from ether (Found: C, 45:4; H, 6-1. Calc., 
C, 45-4; H, 6-1%). 

Oxidation of yn-Dimethyloctan-e-one with Chromic Acid.—The 
largest relative yield of volatile acids was obtained by the following 
procedure. In each of three experiments, 10 g. of the ketone were 
refluxed during 12 hours with 10 g. of potassium dichromate and 
8 c.c. of concentrated sulphuric acid in 65 c.c. of water; on isolation, 
about half the ketone was recovered unchanged and volatile acids 
equivalent to 2-0 g. of sodium hydroxide were distilled in steam. 
The distillates were digested with moist silver oxide and the 
relatively soluble silver salts were obtained after repeated recrys- 
tallisations in fractions containing respectively in order of increasing 
solubility (a) 48-4, (b) 51-7, (c) 625% of silver. 

The identity of (a) with silver B-methylvalerate was established 
by preparation from the regenerated acid of 6-methylvaleranilide, 
m. p. 88° (J., 1895, 67, 268); that of the second acid (b), evidently 
the principal product, with d-methylbutyric acid by means of the 
amide, m. p. 110°, and of an anilide, prepared through the acid 
chloride and crystallised from light petroleum, which melted, 
alone or mixed with an authentic specimen, at 104-5°. Silver 
d-methylbutyrate was readily distinguished from the silver salts 
of n- and iso-valeric acids by its greater solubility and its crystalline 
form. Fraction (c) was essentially silver acetate. 

Oxidation of yn-Dimethyloctan-c-one with Potassium Permanganate. 
—A greater yield of volatile acids was obtained with potassium 
permanganate as oxidant. The ketone (10 g.) was slowly oxidised 
when shaken at room temperature with 3% alkaline permanganate ; 
for practically complete oxidation, 60 g. of potassium permanganate 
(equiv. to 10 oxygen atoms) were required. The filtrate and wash- 
ings from the oxide of manganese were concentrated and acidified, 
and the volatile acids distilled in steam were equivalent to 4-1 g. of 
sodium hydroxide. The residual liquor was exhaustively extracted 
with ether, but only oxalic acid was recovered and identified. The 
readily soluble volatile acids were partly separated from the acetic 
acid in the distillate by shaking with ether, and were converted into 
silver salts; by fractional crystallisation, silver «-methylbutyrate 

(Found : Ag, 51-79%) was obtained which was identified by prepar- 
ation of the anilide (m. p. 104-5°). 


Tagetone (n-Methyl-y-methylene-A*-octen-e-one). 


The highest-boiling fraction (c) of the oil (p. 2533) was further 
fractionated ; even at 3—4 mm. considerable resinification occurred, 
and the bulk was collected at 62°. 

The constants of the pale yellow liquid, the colour of which per- 
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sisted through successive redistillations and therefore appeared to be 
constitutive, were: d”* 0-8803; nj’ 1-4895; b. p. 102°/30 mm., 
ca. 205—210°/760 mm. (Found: C, 788; H, 10:5. Cj, H,,0 
requires C, 78-9; H, 10-5%). The molecular refraction is 49-9 
(Calc. for Cj9H,,0 with two ethylenic linkings, 48-5). 

Tagetone oxime was obtained in reasonable yield as a comparatively 
stable liquid of unpleasant odour, b. p. 126°/25 mm., by heating 
tagetone with the theoretical quantities of hydroxylamine hydro- 
chloride and sodium bicarbonate: d**0-9207; nz 1-4820 
(Found: C, 71-9; H, 10-2; N, 82. C,gH,,ON requires C, 71:8; 
H, 10-2; N, 8-4%). 

Reduction of Tagetone to -yn-Dimethyloctan-e-one—Pure dry 
hydrogen was rapidly absorbed when it was passed into well-shaken 
dry ether (100 c.c.) containing 30 g. of tagetone and 5 g. of platinum 
black (prepared by Loew’s method) ; passage of the gas was continued 
until the product no longer decolorised bromine (about 5 hours). 
The saturated ketone produced (yield almost quantitative), after 
redistillation, had constants, b. p. 187—188°/760 mm., d** 0-8198, 
ni} 1-4205 (semicarbazone, m. p. 91-5°), identical with those of 
yn-dimethyloctan-c-one and gave the same products on oxidation 
with alkaline potassium permanganate. 

Reduction of Tagetone in Ether by Sodium.—Reduction of tagetone 
by sodium and absolute alcohol produced indefinite, red, resinous 
substances. Isolable products were obtained by reduction in 
moist ether. 

To a solution of 40 g. of tagetone in 200 c.c. of ether, floating on 
concentrated aqueous sodium bicarbonate, sodium was added in 
small fragments; water was occasionally added to promote dis- 
solution of the sodium, and the reaction was modified, as necessary, 
by immersing the flask in cold water. The product, on fraction- 
ation, gave (a) a substance, b. p. 197°/760 mm., d** 0-8524, n° 1-4490 
(Found: C, 77-6; H, 11-6. Cy H,,0 requires C, 77-9; H, 11-7%), 
and (6) the pinacol, b. p. 183°/4 mm., described below. 

Electrolytic Reduction of Tagetone—The reduction was effected 
in a divided cell, the anode compartment containing a platinum 
spiral and 10% sulphuric acid. The cathode liquid was composed 
of 20 c.c. of tagetone, 70 c.c. of 95% alcohol, 10 c.c. of 10% sulphuric 
acid, and 0-4 g. of nickel sulphate. The cathode was an activated 
nickel foil cylinder, etched by nitric acid, of surface area 2-2 cm.” 
(alternatively, a platinum dish was employed). The system was 
cooled in running water. The current density was maintained at 
3-5—4 amp./cm.? by addition, as required, of 10% sulphuric acid to 
the cathode liquid. The #.M.F. was 8—12 volts throughout. 

When reduction was considered complete (27 hours), the cathode 
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liquid was poured into water. The separated product, after 
distillation, had d®* 0-9258, n° 1-4820, b. p. 183°/4 mm. (Found : 
C, 78-2; H, 11-0. Cy. H,,0, requires C, 78-4; H, 11-:1%). The 
iodine value (328) indicated four ethylenic linkings. Evidently a 
pinacol, the substance was comparatively stable to heat, showing no 
tendency to resinification or decomposition on distillation at 4 mm. 
pressure. 

Oxidation of Tagetone.—The ketone (50 g.) was gradually treated 
in the cold with 350 g. of potassium permanganate in 2% aqueous 
alkaline solution; oxidation then appeared complete. After 
filtration from precipitated oxide of manganese and concentration 
and acidification of the filtrate, the volatile acids were distilled in 
steam. They were recovered in good yield and converted into ethyl 
esters, the greater portion of which distilled at 130—132°/760 mm. 
and was identified as ethyl isovalerate by conversion into isovaler- 
anilide (m. p. 111°); a small lower fraction indicated some acetic acid. 

Examination of the non-volatile acid extracted from the residual 
liquor by ether revealed only oxalic acid, determined in a small- 
scale quantitative oxidation as equivalent to one molecule. 

Oxidation of the ketone in acetone solution with permanganate 
gave as principal product isovaleric acid, with oxalic acid, but no 
trace of a ketonic acid. 


UNIVERSITY OF QUEENSLAND, 
BRISBANE. [Received, August 5ih, 1925.] 


CCCL.—The Isomerism of the Styryl Alkyl Ketones. 
Part II. The Isomerism of the Homologues of 
2-Hydroxystyryl, and of 3-Methoxy-4-hydroxystyryl 
Methyl Ketones. 


By ALEXANDER McGooxrin and DonaLp JAMzEs SINCLAIR. 


Tue yellow form of 2-hydroxystyryl ethyl ketone, stated by Decker 
and Fellenberg (Annalen, 1908, 364, 24) to melt at 101°, has m. p. 
116° when pure. The colourless modification has the same m. p. 
(Auwers and Voss, Ber., 1909, 42, 4423, 118—119°). The two 
substances are stereoisomerides analogous to those of 2-hydroxy- 
styryl methyl ketone (Part I, J., 1924, 125, 2099). Again the 
yellow form is labile, and is even more readily transformed into 
the colourless modification than is the yellow form of the lower 
homologue. 

As stated by Decker and Fellenberg (loc. cit.), when salicylalde- 
hyde is condensed with methyl ethyl ketone a small quantity of 
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a yellow, crystalline substance—A—of m. p. 246—247° is also 
produced. This compound is not a distyryl ketone (Part I), for, 
although the methylene group of 2-hydroxystyryl ethyl ketone is 
capable of condensing with aldehydes in the presence of acids, 
it has been shown, by attempted condensations under varying 
conditions, that it is inert towards alkaline condensing agents. 

Although the structure of the compound A has not yet been 
elucidated, the authors have proved, by analyses of the substance 
itself and of certain of its derivatives, that it cannot have the 
formula C,,.H,.0, suggested for it by Decker and Fellenberg (loc. 
cit.). 

Whereas the rapid development of a red coloration when the 
yellow isomeride of 2-hydroxystyryl methyl ketone is treated with 
aqueous sodium hydroxide was shown to be due to the formation 
of the sodium salt of 2: 2’-dihydroxydistyryl ketone (Part I), 
such a reaction is obviously impossible in the case of the next 
higher homologue. Confirming this conclusion, both isomerides 
of 2-hydroxystyryl ethyl ketone give yellow solutions when treated 
with alkali, which, however, turn red on standing for 2 weeks on 
account of the slow production of the sodium salt of the compound A. 

Harries and Busse (Ber., 1896, 29, 376) and Auwers and Voss 
(loc. cit.) describe 2-hydroxystyryl n-propyl ketone as a crystalline 
solid melting at 116°, but make no mention of its colour. Yellow 
and colourless forms have now been prepared, both of which melt 
at 113°. The yellow isomeride is again the unstable variety and 
can readily be isomerised by the usual methods (Part I). Both 
modifications, moreover, yield yellow alkaline solutions; these 
develop the usual red colour when kept for four weeks, but the 
amount of red sodium salt produced is too minute to be isolated. 

By condensation in the usual manner 2-hydroxystyryl -hexyl 
ketone also has been obtained in yellow and colourless forms, 
each nmtelting at 102—103°. The yellow isomeride is exceedingly 
unstable and isomerises even in the dry state. Both forms give 
yellow solutions in alkali which redden after three months’ exposure, 
but again the isolation of the red sodium salt produced is impossible 
on account of the small quantity formed. 

A comparison of the properties of the 2-hydroxystyryl alkyl 
ketones indicates that the stability of the yellow isomeride decreases, 
and the resistance of the molecule to fission by alkaline reagents 
increases, with increasing molecular weight. 

In Part I, it was mentioned that yellow and colourless isomerides 
of 3-methoxy-4-hydroxystyryl methyl ketone had been obtained. 
The ethyl and n-propyl homologues of this series have now been 
prepared, each in two forms—yellow and colourless—having 
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identical melting points. Unlike 3-methoxy-4-hydroxystyryl methyl 
ketone, which rapidly develops a red coloration in presence of 
alkali, these homologues only do so on long standing. Since the 
development of a red coloration is dependent on the fission of the 
molecule (Part I), it appears that the higher homologues in this 
series are also the most stable. Moreover, the 3-methoxy-4-hydr- 
oxystyryl alkyl ketones resemble the 2-hydroxy-compounds in 
the decreasing stability of the yellow isomerides with increasing 
molecular weight. 

Throughout the entire series of hydroxystyryl ketones so far 
examined, each pair of isomers invariably has the same melting 
point, which is doubtless due to one form changing into the other 
at, or below, the melting point of the latter. Other isomeric, 
unsaturated ketones have been described which do not exhibit 
this peculiar property (compare Bodforss, Ber., 1916, 49, 2802; 
Dilthey and Radmacher, Ber., 1925, 58, 361). 

During the preparation of the isomeric hydroxystyryl alkyl 
ketones it was often observed that the white isomeride has the 
property of “ seeding ” the yellow form so that the latter cannot 
afterwards be prepared in the same atmosphere or by the same 
experimenter (compare McKenzie and Roger, J., 1924, 125, 846; 
Dilthey and Radmacher, loc. cit.). 

The authors desire to correct a statement of Vavon and Faillebin 
(Compt. rend., 1919, 169, 65) that the yellow modification of 3:4- 
methylenedioxystyryl methyl ketone described by Haber (Ber., 
1891, 24, 617) is an impure form of the colourless compound and 
is not its stereoisomeride. The existence of two distinct isomerides 
of this compound has been definitely established and quantitatively 
confirmed by solubility measurements. Similar data have been 
obtained in the case of 3-methoxy-4-hydroxystyryl methyl ketone, 
the isomerides of which have previously been described (Part I). 

Since carbon dioxide is generally empioyed to precipitate these 
ketones from their alkaline solutions, it might be thought that 
both forms are identical and that the yellow colour of the one is 
due to the presence of a trace of alkali. Such, however, is not 
the case, since each yellow modification can be isolated from its 
alkaline solution by means of dilute acids. 

Finally, all the hydroxystyryl ketones so far investigated are 
coloured crimson by boiling, concentrated hydrochloric acid, the 
yellow isomeride more rapidly than the colourless modification. 
On this account it was originally thought that the yellow form 
had the cis-configuration (Part I). As, however, similar changes 
have been observed in the case of hydroxystyryl ketones incapable 
of pyrylium salt formation, such a view cannot be maintained. 
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ExPERIMENTAL. 


2-Hydroxystyryl Ethyl Ketone-—A solution of salicylaldehyde 
(50 g.) in aqueous sodium hydroxide (500 c.c. of 10%) rapidly 
became dark red after addition of alcohol (50 c.c.) and methyl 
ethyl ketone (10 g.). The long, yellow needles of the sodium salt 
of the ketone deposited after 24 hours were dissolved in water and 
acidified with dilute acid; the free ketone produced crystallised 
from benzene in colourless needles, m. p. 116° (Found: C, 74:9; 
H, 6-9. C,,H,,.0, requires C, 75-0; H, 68%). If excess of 10% 
alkali and alcohol be employed, no sodium salt separates from the 
condensation mixture and on precipitation with carbon dioxide 
the yellow isomeride is obtained which crystallises from cyano- 
acetic ester in yellow needles, m. p. 116°. Addition of a trace of 
dilute acid to a boiling solution of the yellow form caused isomer- 
isation (Found: C, 74-9; H, 6-7%). 

Compound A was obtained in yellow needles (m. p. 246—247°) 
by Decker and Fellenberg’s method (loc. cit.). It dissolved in 
aqueous alkali to yield a red solution of its salt (Found: C, 77:9, 
78-1; H, 6-6, 6-6. Decker and Fellenberg found C, 78-1; H, 6-5%, 
and none of these figures agrees with the formula C,,H,.0, suggested 
by them, which requires C, 79:0; H, 65%). 

The Acetyl Derivative of Compound A, prepared in the usual 
way, formed colourless needles, m. p. 182°, which were soluble in 
alcohol and ethyl acetate but insoluble in alkali (Found: C, 73-9; 
H, 6-3; CH,°CO, 27-:1%). The diacetyl derivative of the com- 
pound suggested by Decker and Fellenberg would have the formula 
C,,H,,0,; and would require C, 74-6; H, 6-2; CH,°CO, 28-2%. 

The Carbomethoxy-derivative of Compound A was prepared by 
the recognised method and formed colourless needles, m. p. 184° 
with shrinking at 179°; it was soluble in organic solvents but 
insoluble in cold alkali, which, however, caused hydrolysis on 
warming (Found: C, 71-0, 71:3; H, 6-0, 60%). The dicarbo- 
methoxy-derivative of the compound C,,H,.0,; would have the 
formula C,,H,,0, and would require C, 69-3; H, 5-8%. 

2-Hydroxystyryl n-Propyl Ketone.—A solution of salicylaldehyde 
(50 g.) and methyl n-propyl ketone (50 g.) in alcohol (100 c.c.) 
was gradually added to aqueous sodium hydroxide (500 c.c. of 
10%). . The mixture when warmed on a water-bath for 10 minutes 
turned red, and after 24 hours deposited long, yellow needles of 
the sodium salt of the ketone. These were acidified in aqueous 
solution, and the faintly coloured precipitate of the free ketone 
produced crystallised from benzene in colourless needles, m. Pp. 
113° (Found: C, 75:7; H, 7:3. C,,H,,0, requires C, 75:8; H, 
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74%). The filtrate obtained after removal of the yellow sodium 
salt, on saturation with carbon dioxide, gave a yellow precipitate, 
which crystallised from cold aqueous alcohol in yellow plates, 
m. p. 113° (Found: C, 75-7; H, 7-3. C,.H,,0, requires C, 75-8; 
H, 7-4%). 

2-Hydroxystyryl n-Hexyl Ketone.—Salicylaldehyde (5 g.) and 
methyl n-hexyl ketone (5 g.) were treated with a mixture of alcohol 
(100 c.c.) and aqueous sodium hydroxide (30 c.c. of 30%). After 
7 days, a light orange colour developed in the solution which, on 
neutralisation with carbon dioxide, furnished a yellow precipitate. 
Careful crystallisation from cold aqueous alcohol resulted in the 
formation of yellow plates, m. p. 102—103°, which were very 
unstable and passed on standing into a colourless isomeride of 
identical melting point (Found: C, 77:2; H, 8-7. C,;H.»0, 
requires C, 77-6; H, 8-6%). 

3-Methoxy-4-hydroxystyryl Ethyl Ketone——A mixture of vanillin 
(50 g.), methyl ethyl ketone (78 g.), and aqueous sodium hydroxide 
(150 c.c. of 10%) was warmed on a water-bath for 5 minutes, a 
red colour soon appearing. After 3 days, the solution was poured 
into 3 litres of water, filtered, and the filtrate saturated with carbon 
dioxide. The yellow solid obtained crystallised from benzene— 
hexane in yellow needles, m. p. 93°, which were readily soluble in 
alcohol, benzene, acetone, or chloroform, and sparingly soluble in 
water or hexane. The ketone dissolved in alkali to form a yellow 
solution, which assumed a red tint after 3 weeks’ exposure (Found : 
C, 69-5; H, 6-9. C,,H,,0, requires C, 69-9; H, 68%). The 
colourless isomeride is readily obtained from the yellow form in 
the usual way and when crystallised from aqueous solvents it 
separates as a yellow hydrate, m. p. 79—82° (Found: C, 63-9; 
H, 7:2. C,.H,,03,H,O0 requires C, 64-3; H, 7:1%). On dehydr- 
ation the hydrate lost water (8-62%, theory requiring 8-73%), 
yielding colourless needles (m. p. 93°), which were also formed by 
crystallising the yellow form from non-aqueous solvents in presence 
of a trace of acid (Found: C, 69-6; H, 6-8%). 

3-Methoxy-4-hydroxystyryl n-Propyl Ketone.—Vanillin (50 g.) and 
methyl n-propyl ketone (28 g.) were dissolved in alcohol (150 c.c.), 
and aqueous sodium hydroxide (300 c.c. of 20°) was added. The 
mixture was warmed for a few minutes on a water-bath, when a 
ted colour developed. On allowing to stand for 3 days and then 
pouring into excess of dilute sulphuric acid, a yellow oil separated 
which solidified on leaving in the ice-chest. It crystallised from 
aqueous acetone in yellow cubes, m. p. 83°, which were soluble in 
alcohol, benzene, or acetone (Found: C, 70-5; H, 7-3. C,;H,,0, 
requires ©, 70-9; H, 7-3%). The filtrate from the yellow oil, on 
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standing for 2 days in the ice-chest, deposited colourless needles, 
m. p. 83°, which could also be produced from the yellow compound 
by the ordinary methods of isomerisation (Found: C, 70-6; H, 
7:3%). The yellow alkaline solutions of both isomerides turned 
red on prolonged standing. 


3: 4-Methylenedioxystyryl methyl 3-Methoxy-4-hydroxystyryl methyl 


ketone. ketone. 
Solubility in g. per 100 g. Solubility in g. per 100 g. 
of alcohol of of alcohol of 
Yellow Colourless Yellow Colourless 
Temp. isomeride.  isomeride. Temp. isomeride.  isomeride. 

20° 1-5 1-2 18° 4-4 4:8 
22 1-8 1-5 30 9-0 10-1 
31 4-0 2-6 38 12-1 13-7 
36 55 3°3 39 12-4 — 
43 8-0 — 47 16-0 18-6 
50 ae 4-9 


The authors desire to express their best thanks to Professor 
I. M. Heilbron, D.S.O., for his valuable advice during the course 
of this investigation. 


Toe University, LIVERPOOL. [Received, June 9th, 1925.] 


CCCLI.—The Relationship of Salis in Dilute Aqueous 
Solution as determined by their Influence on the 
Critical Solution Temperature of the System Phenol- 
Water. 


By Jonn Hersert Carrinetron, Louis Rospert Hickson, and 
Wiu14mM Haminton PatTERsoN. 


THE investigation (Duckett and Patterson, J. Physical Chem., 
1925, 29, 295) of the rise of the critical solution temperature 
(C.S.T.) of the system phenol—water due to the addition of a salt 
soluble only in the aqueous phase has been continued. 

The C.S.T. of phenol—water (temperature for standard turbidity) 
was taken as 66-0°. The point of standard turbidity was more 
reproducible than that of appearance or disappearance of faint 
‘opalescence, which occurred about 2-5° higher. The standard 
was determined in all the experiments by the first appearance 
or disappearance of the thermometer bulb when viewed through 
the liquid with constant illumination. The system itself, and the 
bath in which it was placed, were stirred vigorously throughout. 
The temperatures determined were easily reproducible within 0-05°. 

Owing to the flatness of the miscibility curve in the region of 
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the C.S.T., no change of the latter could be observed when the 
percentage of phenol was varied between the limits 34-2 and 37-8; 
consequently salt hydrates could be added without causing error. 
All mixtures were, however, made to contain 36-0—36-1% of 
phenol, and known weights of pure salts were added. Deliquescent 
salts and acids were added in the form of standard solutions. Jena 
glass was used in the case of fluorides. 

The results are stated in the tables in terms of C = number 
of g.-mols. of solute per 1000 g. of total mixture; e = elevation 
of C.S.T.; and H = e/C = molecular elevation of C.S.T. 

In the normal case of solubility of the salt in the aqueous phase 
only, absence of hydrolysis, and of complex formation, e is nearly 
proportional to C at higher concentrations; the deviation from 
linear relationship for zero concentration upwards becomes clearer 
on plotting H against C. This deviation is accentuated in abnormal 
cases. 

The values of e and # given in the tables are obtained for fixed 
concentrations by interpolation from curves. A bracketed number 
indicates slight extrapolation. Values are given for hydrochloric 
and sulphuric acids, and in a few cases values are reproduced, with 
slight corrections at the higher concentrations (since precautions 
were taken in these experiments to prevent evaporation), from 
the earlier paper. Abnormal cases due to hydrolysis, complex 
formation, and chemical action are not included in the tables, 
since this paper deals primarily with normal behaviour. Neverthe- 
less a few remarks on these abnormal cases may be made in 
passing. 

Hydrolysis —Lithium carbonate in common with the other 
alkali carbonates produces a lowering of the critical solution tem- 
perature. Sodium acetate produces a slight lowering, and sodium 
cyanide a much greater one. The method is very sensitive for 
detecting hydrolysis under the experimental conditions, viz., at 
60—70° and in the presence of phenol. In such a case, the numerical 
value of # decreases with increasing concentration, e.g., for sodium 
acetate, C = 0-013, H = — 14:5; C= 0-318, H = — 1-4. 

Hydrolysis may be thus distinguished from cases where a lower- 
ing is due to solubility in the ordinary way in both phases, e.g., 
with sucrose or urea. In this case, H remains practically constant 
(Duckett and Patterson, loc. cit.). 

Complexity——Even in the case of single salts complexes are 
sometimes formed in solution. This is especially so for cadmium 
iodide, less so for the bromide, and still less for the chloride. 
Cadmium sulphate behaves normally up to C = 0-045, and the 
nitrate up to a higher concentration. 

VOL. OXXVII. . 49Q 


2546 CARRINGTON, HICKSON, AND PATTERSON : THE RELATIONSHIP 


TABLE I. 
Values of e. 
Molecular concentrations. 

Salt. 0-01. 0-02. 0-03. 0-04. 0-05. 0-10. 0-15. 0-20. 0:30. 
 ! 7a (0-35°) 0-68° 1-0° 1-25° 1-55° 2-75° 3-95° 4-95° 7-0° 
BCOONs ...... (0-50) 1:00 1-45 1-9 2-3 4:35 6-3 8-15 11-7 
pm ae — — — (2:1) 24 4-3 595 7:5 10-2 
Re (0-60) 1:15 1:75 2-2 2-7 5-2 7-5 9-6 136 
TR savsncese (0-70) (1:30) 185 24 295 635 75 95 — 
I} “sevccviss (0-80) 1:55 2-15 275 33 59 83 10-4 (14-85) 

155 2:15 2-75 3-3 5-9 82 104 14-9 

1-5 2-2 2-8 3-45 6-2 8-7 112. 15-6 

1-5 2-2 2-9 3-5 6-3 8-7 10-8 — 

1-5 2-2 2-9 3-5 6-3 8-75 11:0 (15-4) 

1-6 2-4 31 3°75 6-7 93 11-75 15:8 

(1:7) 25 3:15 3-9 7-2 98 12:5 17:6 

155 2-3 3-0 3-75 7-1 10-1 12-9 —_— 

) 16 2°3 3-0 3°7 6-8 96 12:3 — 

(2:0) 2-9 3-7 4:45 79 11-2 143 (20-5) 

2-0 3-0 3:95 4-7 8-7 123 16-0 —_ 

2:35 3:35 4:3 5-2 9-2 12-95 16-5 — 

(2:4) 3-4 4-4 5-3 96 13-8 17-6 (25-1) 

(2:5) (3°55) (45) 645 100 145 1895 — 

2:95 4-2 5-3 6°35 11:3 —- — — 

3-05 4:3 5-55 6°75 12-2 17-7 (23-4) — 

(3-5) 49 6-2 7-4 13-2 (19-2) — — 

3°65 5-1 6-55 8-0 (14-2) _— ss —_ 

3-4 6-1 7-55 9-0 (15-7) — — — 

4:8 665 83 9-9 (16-7) —_— — — 

4:75 665 865 10-05 17-9 _ —- — 

6-15 7-25 9-25 11-25 (20-7) — a= — 

5-15 7-25 9-25 11-25 (20-7) — — — 

5-15 7-25 925 11-2 21-6 — -— _ 

5-15 7-25 9-25 11-2 (21-6) — — oo 

525 7-4 95 11-4 — — — —_ 

56h 78 100 12-2 — — — — 

5-8 8-2 104 12-6 — — — — 

6-0 8-7 112 13-6 — — — — 

6-7 9-25 11-7 14-1 — — — — 

7-1 9-7 12-4 151 — _ —- _ 

6:8 97 125 153 — — — _ 

6-8 9-85 12-7 15-7 — _— — _ 

6-8 9-9 12-7 15-8 — _- a _— 

73 102 1382 16-2 — — — _ 

745 106 138 17-1 — — — _ 

Molecular . 

concentrations. 0-005. 0-01. 0-02. 0-03. 0-04. 0-05. 
Sodium Citrate ...... 295° 51° 89° 12-65° 15-99 194° 
NR chad sdidoniininie 3-5 5-5 100 (146) — — 
Al, ( 4)B sereeecececcees 3-9 71 13-2 — == tad 
Na, Fe(CN). ........000 4:4 77 (14-2) _ — —_— 


The formation of complex molecules and ions under varied 
conditions in different solutions will be dealt with in a subsequent 


communication. 
Chemical Action.—In some cases chemical action 


is evident, 
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TABLE II. 
Values of E. 
Molecular concentrations. 

Salt. 0-01. 0-02. 0-03. 0-04. 0-05. 0-10. 0-15. 0-20. 0-30. 
a — 34° 33° 31-2° 31-1° 27-5° 26° 25° 23-5° 
HCOON<a ...... — 49 47-7 464 456 43-4 419 40-8 39 
NH,NO, eesece — — — — (47-4) 42-1 39-7 37:6 33-5 
Se — — 6580 55-2 540 651-2 49-4 47-9 45-2 
oo a — (66-4) 63-0 61:2 596 6543 650-8 47-6 — 
BS ves csecs — 77-2 72:0 68-4 65-9 59-6 55:6 52:8 (50) 
Bee xcs denasensave — — 712 68:6 66:6 59-7 55:0 652-2 49-9 
a ae — 75:0 72:7 70-4 68-6 62-1 57-9 55-1 61-9 
BS oc.55555. — 75:0 73:0 72:5 70:0 63:0 580 540 — 
Ba “bscccdscexya — 78-0 748 72:0 696 61-8 57-4 654-3 (50-6) 
BE. catdctssesce — — 80:5 78:0 75:5 67-1 61-7 57-7 53-8 
RTE | kenceseee — — (79-4) 77-2 75-6 69-6 65-6 62:8 (58-6) 
May 066505 — 79-7 77:8 764 752 708 673 648 — 
aes — 81:0 78:1 76:0 743 682 643 616 — 
BE corceasasess — — 97:2 92:0 89-2 798 745 716 — 
(a ene — 106 101 97-6 95-1 86-5 81-7 784 — 
DE? ssviseece — (116) 111 106 103 93-1 868 82-7 — 
> ie — (124) 116 110 #107 97-6 92-4 88-7 (83) 
, ser ee —_ — — — 110 #1100 96-4 937 — 
| ae 157. 146 139 134 130 += «113 — — _ 
PD(NO,),. .000:- 161 149 142 1387 #4=%1184 121 117.) (117) — 
NaH Tartrate — — 160 153 147 133 (127) — _ 
Cd(NQs5), ...... 197 181 173 166 = 161 — — — —— 
| lle 247 +212 198 188 4180 = 157 — — — 
ee S70 624260688). 206 j%&198 171 — — — 
(NH,),SO, ... 252 230 218 209 202 176 — _— — 
St — 255 241 +231 223 £200 — — _- 
Pe Neevesdes — 255 241 388 221 201 — — — 
2, nr — 255 241 228 221 204 — — _- 
Se — 255 241 #231 223 £206 — — — 
a 296 262 247 237 230 £207 — —_— — 
MOD csasessss 326 282 269 257 248 226 —_ — — 
SNA oeeinnne 318 290 273 262 254 — — — — 
re — 304 288 278 274 (269) — — — 
a 367 332 307 294 283 (257) — — — 
Na,SO, ......00. 388 350 321 308 £300 — — — —- 
aes 371 339 321 311 #305 — — — — 
a 375 348 334 323 315 — — — _- 
a 375 348 334 323 320 — — — -~ 
MaBO, o.cscccee 390 357 341 329 £323 — _— — —e 
SOL, | sis tines 410 373 354 344 340 — — — a 

Molecular 

concentrations. 0-005. 0-01. 0-02. 0-03. 0-04. 0-05. 
Sodium Citrate ...... 568° 510° 455° 416° 396° 388° 
RB ctsiiniccnissins 700 550 500 487 ne — 
Al,(SO,); eeeeeeeeeessees 770 720 (660) > == — 
Na,Fe(CN), eeccccces eee 872 772 — ae “—_ —— 


e.g., with complex cobalt salts. In the case of sulphuric acid, the 
result is abnormally low, as will be seen by comparing its values 
relative to those of sodium sulphate with the values of hydro- 


chloric acid relative to those of sodium chloride. It is possible 
; 4Q2 
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that reaction with the phenol may have taken place to some extent 
even at the concentrations employed. (The possibility of the 
first stage of ionisation having taken place may also account for 
the low result.) In other cases, e.g., copper sulphate, the action 
is only very slight. Such salts are therefore included. 


Discussion. 


Returning to cases of apparently normal solution as given in the 
tables, no precise explanation can yet be offered of the numbers 
associated with different salts nor of their variation with con- 
centration. Previous results and those which follow become ex- 
plicable when interpreted on an hypothesis of hydration. Some 
light may be thrown on the question of the part played by the 
ions or the undissociated salt by experiments to be undertaken 
with the isomeric chromic chloride hexahydrates, which are sup- 
posed to give rise to different numbers of ions. At the present 
stage the following conclusions may be drawn : 

(1) Anions and kations may be arranged qualitatively in order 
of diminishing effect on C.S.T. 

Citrate, sulphate, hydrogen tartrate, chloride, bromide, bromate, 
nitrate = iodide, chlorate, formate. 

Ni, Mg, Cd, Co = Ba = Sr = Ca, Zn, Cu, Be, Pb, Na, Li, K, NH,, H. 

(2) The effect of the anion is in general greater than that of the 
kation. 

(3) Definite values cannot be attributed to the ions, since the 
value is modified according to the identity of the other ion in the 
compound; e.g., values of H: Na—K, 8-5 from NaI—KI, 15 from 
NaCl—KCl, and 26 from 4Na,SO,—4K,SQ,. 

(4) The effect in general decreases with increasing atomic weight 
of the elements in the various groups of the periodic system, the 
first member, however, being always out of place : 

Na, 4, K; Mg, Ca=Sr= Ba, Be; Cl, Br, I, F. 

(5) If log e is plotted against log C, a series of parallel straight 
lines is obtained, i.e., log e = b log C + x or e = aC®, where b is a 
constant characteristic of the phenol—-water system (actually its 
value varies between 0-83 and 0-87), and a is a specific constant 
for each salt.* The similarity of this equation to that of the 
Freundlich adsorption isotherm may be regarded as supporting the 
suggestion of Hildebrand (‘‘ Solubility ”) that the solution of one 
liquid in another is an extreme case of adsorption. It has already 
been shown (loc. cit.) that if the anions are placed in the order of 
their effectiveness in raising the C.S.T., the series is almost identical 


* For salts which lower the C.S.T., i.e., are soluble in both phases, the 
same equation applies, with a different value for b. 
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with the Hofmeister series for the coagulation of neutral egg- 
albumin. This further supports the view that the former pheno- 
menon may be associated with adsorption. 


East LONDON COLLEGE, 
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CCCLII.—Studies of Equilibrium in Systems of the 
Type Al,(SO,),-—M’SO,-H,O. Part II. Aluminium 
Sulphate-—Nickel Sulphate—Water at 30°. 


By Ropert Martin Caven and THomas CorLett MITCHELL. 


As events have arisen which will prevent the continuance of this 
work by one of the authors, it has been decided to publish the results 
obtained to date. The present contribution is a continuation of 
work already reported (this vol., p. 527). 

The equilibrium mixtures were obtained in a manner similar 
to that used in the preparation of those for the manganese 
system. | 

Weighed amounts of the solutions and moist solid phases were 
then made into solutions measuring known volumes, from which 
aliquot portions were removed for analysis. 

Nickel was estimated with potassium cyanide, with silver iodide 
as indicator (Moore’s method), and aluminium was calculated after 
determination of the total sulphate. 

During the estimation of nickel, aluminium was kept in solution 
by dissolving in ammonia the precipitate formed by addition of 
sodium pyrophosphate to the mixture (vide Sutton’s “ Volumetric 
Analysis,” 1924, p. 278). 

At first some difficulty was experienced, the tendency for false 
end-points to occur (see Sutton) followed by development of 
opalescence on standing being decidedly troublesome. The follow- 
ing procedure, however, proved extremely satisfactory and enabled 
trustworthy results to be obtained quickly and with regularity. 

To an aliquot portion of the mixed solution sodium pyrophos- 
phate was added until the precipitate first formed began to redis- 
solve. The precipitate was then completely dissolved by the 
addition of excess of ammonia; the resultant solution was diluted 
to working volume, and the ammonia almost neutralised with 
dilute sulphuric acid, leaving the solution faintly ammoniacal. 
The titration was then carried out in the usual way. 

The quantities in the table are expressed as g. per 100 g. of 
Solution (for the solutions) or of moist solid (for the rests). 
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Solutions. Rests. 
Al,(SO,);. NiSO,.§ H,O. Al,(SO,);. NiSO,. H,0O. Solid phase. 


28-86 Nil . 71-14 _ one — Aluminium sulphate. 
25°87 4:74 69-39 48-71 0-82 50-47 a a 
21-95 10-87 67°18 49-81 0-51 49-68 o p 
21+30 12-91 65-79 29-99 9-91 60:10 - % a 
20:79 13-29 65-92 4:03 55:40 40-57 Nickel sulphate. 
15-29 17-53 67-18 3-01 52:17 44-82 - “ 

8-70 22-56 68-74 035 55°89 43-76 a i 

7:34 23-58 69-08 1:13 52-70 46-17 se io 

5-29 26-03 68-68 0:45 57:65 41-90 a i 


Nil 30-77 69-23 _ — —_ ” » 


* This solid phase was separated very near to the triple point and appears 
to contain some nickel as well as aluminium sulphate. 


Conclusion.—There is no evidence of double salt formation 
between aluminium sulphate and nickel sulphate in solution at 30°. 


The authors desire to express their thanks to the Governors 
of the Royal Technical College for assistance that has enabled one 
of them (T. C. M.) to participate in this research. 
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CCCLIII.—The System Silver Sulphate—Aluminium 
Sulphate—Water at 30°. 


By Ropert Martis Caven and Tuomas CoRLeTT MITCHELL. 


THE present communication deals with an attempt to settle the 
question of the existence of silver alum. 

Previous investigators are not in agreement; for whilst Kern 
(Chem. News, 1875, 31, 209) claims to have made typical crystals 
of silver alum, Ag,SO,,Al,(SO,)3,24H,O, by evaporation of a mixed 
solution of the component salts, and Church and Northcote (ibid., 
1864, 9, 155) describe its preparation by heating a mixture of silver 
sulphate, aluminium sulphate, and water in a sealed tube until all 
the silver salt dissolved, Wilkie, in this laboratory, has repeated 
both methods without success. 

Two methods were employed in making up the equilibrium 
mixtures. In the first, recrystallised silver sulphate was stirred 
continuously for several days with a solution of aluminium sulphate 
in a thermostat at 30° + 0-1°. 

The second method consisted in evaporating isothermally, with 
the aid of a current of filtered air, a mixed solution of the con- 
stituents. The mixture was stirred while evaporation was going 
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on, and for 2 days after a sufficient quantity of solid phase had 
accumulated. 
_ The solution and solid phases were separated in the usual way, 
weighed, made up to known volumes, and aliquot portions taken 
for analysis. 

Silver could not be estimated by simple precipitation of the 
chloride, as it was found that silver chloride dissolved in aluminium 
chloride solution on heating—indeed, if hydrochloric acid was 
used to precipitate the silver, considerable quantities of silver 
chloride could be dissolved. It is hoped later to investigate this 
phenomenon; meantime attention is directed to the great tendency 
to form double salts in the anhydrous state exhibited by aluminium 
chloride and described by Baud (Compt. rend., 1901, 133, 869; 
Ann. Chim. Phys., 1904, 1, 8) and Kendall, Crittenden, and Miller 
(J. Amer. Chem. Soc., 1923, 45, 963). 

Silver was estimated by electrolysis of the double cyanide solution 
as recommended in text-books on electro-analysis. The aluminium 
was subsequently estimated by precipitation as hydroxide after 
the destruction of the cyanide by heating with sulphuric acid. 


Mols. Ag,SO, per Mols. Al,(SO,)3; per 
10 . H,0. 


1000 g. H,O. 00 g. H, Solid phase. 

0-0285 Nil Ag,SO, 

0-0292 0-0777 ” 

0-0304 0-1449 a 

0-0306 0-3026 a 

0-0306 0-5114 - 

0-0308 0-8153 ™ 

0-0310 0-9210 9 

0-0314 1-276 Ag,SO, + Al,(SO,),,18H,O 

Nil 1-187 Al,(SO,)3,18H,O 


The continuous increase in the solubility of silver sulphate was 
most marked, but seems in no way extraordinary in view of the 
results for the systems silver sulphate—potassium sulphate, silver 
sulphate-animonium sulphate, and silver sulphate-sodium sulphate 
recorded by Barre (Ann. Chim., 1911, 24, 149, 202, 210; Compt. 
rend., 1910, 150, 1323). Ephraim and Wagner (Ber., 1917, 50, 
1103) found as the result of a single determination, that silver 
sulphate was more soluble in aluminium sulphate solution than in 
water. 

Conclusion.—From the results obtained it is evident that silver 
sulphate and aluminium sulphate do not form a crystalline alum 
from mixtures of their solutions at 30°. 


THE Roya TEcHNICAL COLLEGE, 
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CCCLIV.—Investigations on the Dependence of Rotatory 
Power on Chemical Constitution. Part XXVII. 
The Optical Properties of n-Alkyl p-Toluene- 
sulphinates. 


By Henry PHILLIPs. 


OPTICALLY active n-alkyl p-toluenesulphinates can be prepared by 
methods described in this communication. This discovery is 
difficult to reconcile with the formula RO-S(°O)-C,H,, by which 
the constitution of these esters is indicated by the classical theories 


i te 
of valency. It will be suggested that the formula RO-S(-O)-C,H., 
assigned to these esters by the later electronic theories of valency 
is more in agreement with the new results. It will then be deduced, 
from a consideration of the known constitutions of other optically 
active compounds, that the newly discovered asymmetric complex 
is associated with an atom, in this instance a sulphur atom, bearing 
a positive charge and in combination with three different groups or 
atoms. It will be pointed out that this deduction has a bearing 
on the phenomenon of complex rotatory dispersion exhibited 
by the esters of carboxylic acids derived from optically active 
secondary alcohols. 

The asymmetric sulphinic ester molecule has also been shown 
to possess a certain mobility, since p-toluenesulphinic esters of 
1-8-octanol] and of J-menthol which contain the p-toluenesulphinoxy- 
radical in an optically active state exhibit marked mutarotation. 

Evidence is also given that, when an ester of p-toluenesulphinic 

. , 7.4 OR’ 7.4 OR” 
acid undergoes alkyloxy-interchange, O S<CH, —_> OS<6 HY the 
optically active ester produced has the opposite configuration to 
that of the original ester. The system, newly discovered to be 
asymmetric, thus appears capable of undergoing a reaction which 
is an analogue of the Walden inversion in optically active carbon 
compounds. 

The asymmetric character of the p-toluenesulphinic ester mole- 
cule is destroyed on oxidation, and the chemical character of the 
p-toluenesulphonic ester produced differs considerably from that 
of the parent ester. This difference is illustrated by a description 
of certain reactions of the p-toluenesulphonic esters of J-@-octanol 
and of l-menthol which lead to the formation of esters of d-8-octanol 
and of d-neomenthol, respectively. 
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Preparation and General Properties of p-Toluenesulphinic Esters. 


The literature dealing with the preparation of esters of the 
aromatic sulphinic acids is confined to a few papers by Otto and 
Rossing (Ber., 1885, 18, 2439; 1886, 19, 1224); these authors 
prepared their esters by the interaction of the sodium salts of the 
acids with the chlorocarbonates of the alcohols. Owing to im- 
purities arising through the occurrence of side reactions, the esters 
could not be distilled and possibly methyl 8-naphthalenesulphinate 
(Ber., 1892, 25, 230), which is a solid, is the only pure ester of a 
sulphinic acid which has hitherto been described. 

The p-toluenesulphinic esters used in this investigation were 
prepared by the direct action of p-toluenesulphinyl chloride on the 
alcohols, potassium carbonate or pyridine being used to remove the 
hydrogen chloride eliminated. J-Menthyl and /-8-octyl p-toluene- 
sulphinates were also prepared by the displacement of the ethoxy- 
group of ethyl p-toluenesulphinate by warming that ester with the 
alcohols under reduced pressure. The p-toluenesulphinates of the 
lower aliphatic alcohols and of /-8-octanol were obtained as colour- 
less liquids which did not crystallise when cooled by liquid air. 
The crude esters can be distilled at very low pressures, but show 
some tendency to decompose. On redistillation, this tendency is 
less marked, but is regained when the redistilled ester is kept in a 
closed glass vessel for several days. When exposed to moist air, they 
are oxidised slowly and are partly hydrolysed, depositing crystals of 
p-toluenesulphinic acid. They can, however, be readily oxidised 
to the corresponding sulphonates by potassium permanganate. 


The Preparation of the n-Alkyl Esters of p-Toluenesulphintc Acid in 
an Optically Active State. 


The method adopted was to heat gently a mixture of two mole- 
cular proportions of the optically inactive m-alkyl ester with one 
of 1-8-octanol, under reduced pressure; the mixture of a levo- 
rotatory n-alkyl p-toluenesulphinate and a levorotatory -octyl 
p-toluenesulphinate produced could be separated by systematic 
fractional distillation at very low pressures. In this manner, using 
optically inactive ethyl -toluenesulphinate with nj 1-5309, 
levorotatory ethyl p-toluenesulphinate was separated with nj" 
1-5309 and «3, —6-72°.* As is to be expected, alcoholysis ¢ of 


* In the theoretical part of this paper, all observed rotations are quoted 
for comparative purposes as if obtained in a tube of 1 dem. 

+ Treatment with a solution of potassium acetate in an excess of anhydrous 
ethyl alcohol. The potassium acetate was added in order to contrast its 
behaviour towards ethyl-alcoholic solutions of p-toluene-sulphinic and 
-sulphonic esters. 
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the levorotatory -octyl p-toluenesulphinate simultaneously 
produced gave dextrototatory ethyl p-toluenesulphinate, with 
nz 1-5309 and a2, + 0-92°. 

It was not found possible by mixing (a) /-8-octanol or (d) levo- 
rotatory $-octyl p-toluenesulphinate with inactive ethyl p-toluene- 
sulphinate to prepare solutions which would imitate in refractive 
index as well as in rotatory power the levorotatory ethyl ester 
described above. Further, this ester on oxidation gave a quanti- 
tative yield of the optically inactive ethyl p-toluenesulphonate. 

By a similar method to that outlined above, using optically 
inactive n-butyl p-toluenesulphinate with n>" 1-5195, a levorotatory 
n-butyl -toluenesulphinate was isolated with nj 1-5195 and 
a3, — 3:46°, and by the alcoholysis of a highly levorotatory menthyl 
p-toluenesulphinate a dextrorotatory ethyl p-toluenesulphinate was 
obtained with n%° 1-5309 and «3;, + 16-52°. 

Since the n-alkyl p-toluenesulphinates have thus been obtained 
in optically active forms, p-toluenesulphinyl chloride also may 
exist in enantiomorphous modifications. 

Some evidence of this was obtained by treating two molecular 
proportions of p-toluenesulphinyl chloride with one molecular 
proportion of either J-8-octanol or of l-menthol in solution in pyridine, 
when the resulting mixture apparently contained the excess p-toluene- 
sulphiny! chloride in an optically active condition; for when such 
mixtures were treated with aniline, p-toluenesulphinanilide was 
obtained with a small levorotatory power. Further, after treat- 
ment of similar mixtures with a solution of ethyl alcohol in pyridine, 
although in two experiments the ethyl p-toluenesulphinate finally 
isolated was optically inactive, in a third experiment an impure ethyl 
ester was obtained which was dextrorotatory. 


The Conditions underlying the Asymmetry of an Atom in Combination 
with Three Different Groups or Atoms. 


The discovery that the n-alkyl p-toluenesulphinates can be 
obtained in an optically active state throws a new light on the 
factors which are associated with the occurrence of asymmetry in 
a molecule made up of an atom in combination with three different 
groups or atoms. Before these factors can be determined it is 
necessary to indicate briefly those concepts of the electronic theory 
of valency, as developed by Sir J. J. Thomson, Lewis, Kossel, 
Langmuir, and others, which are now adopted to derive a con- 
stitutional formula for sulphinic esters more amenable to treatment 
from the point of view of the classical theories of stereochemistry 
than the usually accepted formula, RO-S(:0)-C,H,. They are 
(a) that the chemical properties of the elements of the first two 
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short periods of the Periodic Table can be explained by their 
tendency to give up or to share electrons until the arrangement 
and number of electrons in their valency shells attain those existing 
in the inert gases, (b) that the manner of their sharing or taking up 
of electrons is defined by the terms covalency and electrovalency. 
An additional previso (compare Lowry, Trans. Faraday Soc., 1923, 
18, 285) is made, that, should one atom contribute both electrons 
to the formation of a duplet by which its union with another atom 
is typified, such an arrangement would give rise to a so-called 
“‘semipolar ”’ double bond, or, in other words, a covalency and an 
electrovalency. The centres of combined atoms will, however, 
still be considered to occupy those positions to which they have so 
far been allotted by the classical stereochemical theories, e.g., the 
centres of the atoms united by four covalencies to a carbon atom are 
at the corners of a tetrahedron which circumscribes that atom, but 
the position of the electrons which form the covalencies need not 
be necessarily situated or fixed on the lines joining the centre of 
the carbon atom to the centres of the other four atoms. 

In the “ electronic ” formula for ethyl »-toluenesulphinate given 
below, it is desired to direct particular attention to the valency 
electrons of the sulphur atom and they are therefore represented as 
crosses. Electrons in the completed outer shell of this atom which 
are contributed by the atoms with which it is united are signified 
by the conventional dot, as is also that particular sulphur electron 
which virtually acts as an oxygen electron on the formation of the 
“ semipolar ” double bond. 


O-C,H; O-C,H; 
= ex = 
OxS *+ or ov" hy 
Xe 
C,H, 7 7 


Experimental evidence was lacking for the postulated existence of 
a covalency and an electrovalency between the sulphur and sulphoxyl 
oxygen atoms, but has been obtained in the following manner. 

Sugden (J., 1924, 125, 1177), using the relation between surface 
tension and density discovered by Macleod (Trans. Faraday Soc., 
1923, 10, 36), makes a comparison of the molecular volumes of 
liquids at temperatures at which they have the same surface tension ; 
such molecular volumes, or parachors, P, being defined by the 
equation P = M/D.y4, in which the symbols have their usual 
significance. 

The parachors of elements can be deduced from molecular 
parachors, on which the effect of unsaturation is great; thus the 


double bond between carbon and carbon, oxygen and carbon, or 
° 4 Q*2 


2556 PHILLIPS : INVESTIGATIONS ON THE DEPENDENCE OF ROTATORY 


nitrogen and oxygen has the value 23-2. More recently, Sugden, 
Reed, and Wilkins (this vol., p. 1525) have shown that, in a series 
of compounds the accepted formule of which contain double 
bonds which on the formulation of Lowry (loc. cit.) would be 
more accurately represented by a covalency and an electrovalency, 
the parachor of such linkings is —1-6. P for a “ gemipolar ”’ double 
bond is therefore —1-6. 

Dr. Sugden kindly undertook the determination of the parachor 
of ethyl p-toluenesulphinate with n# 1-5309, d? 1-114. His deter- 
minations are recorded in Table III (p. 2570). The observed 
parachor, 410-3, agrees very closely with the parachor of 410-7 
calculated on the assumption that the bond between the sulphur and 
sulphoxyl oxygen atom is “semipolar”; if it were a non-polar 
double bond the calculated parachor would be 435-5. 

Having thus rendered very probable the existence of a “ semi- 
polar ” bond in the formula of the ester given above, an attempt can 
now be made to pick out the essential conditions underlying the 
asymmetry of the sulphur atom it contains. This can best be done 
by setting out these supposed essential conditions and adding to 
or subtracting from their number those conditions which a study 
of other known asymmetric systems indicates are wanting or 
unnecessary. 

As a preliminary hypothesis, the following could be adopted— 
that the sulphur atom is asymmetric since it has three different 
groups attached to it, and possesses a “ lone pair ” of electrons which 
renders the system analogous to that by which an asymmetric 
carbon atom is surrounded. If this be true, then the optical activity 
shown by the d-methylethylthetine d-camphorsulphonate (I) of 
Pope and Peachey (J., 1900, 77, 1072) may be partly due to the 
same cause. 


‘ 


CH,°CO,H } 
eX = 
C,H, *S X + O°S0,°C,9H,,0  (L) 
Xe | 
CH, ; 

The structural resemblance between the positive ion of this salt 
and ethyl p-toluenesulphinate is striking. The above formulation 
also explains why the d-camphorsulphonoxy-ion can be readily 
replaced by others without the racemisation which so often accom- 
panies the replacement of groups attached to an asymmetric carbon 
atom. This activity of the positive methylethylthetine ion not only 
agrees with the preliminary hypothesis, it also sanctions the dismissal 
of a further possible condition of asymmetry—namely—that one 
of the three groups attached to the central atom should carry a 
negative charge. This simplification is necessary in order that the 


= 
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lack of asymmetry of tervalent nitrogen can be considered. Ter- 
valent nitrogen, indeed, satisfies all the conditions laid down in the 
preliminary hypothesis, and yet all attempts to resolve substituted 
ammonias or unsymmetrical hydrazines (II) have been unsuccess- 
ful (Reychler, Bull. Soc. chim., 1902, 27, 979; Jones and Millington, 
Proc. Camb. Phil. Soc., 1904, 12, 489). 

The failure, in spite of numerous attempts during the last thirty 
years, to accomplish the resolution of a compound the asymmetry 
of which could be associated with a tervalent nitrogen atom, has 
led Meisenheimer (Ber., 1923, 56, 1353) to the conclusion that such 
an atom cannot give rise to an asymmetric molecule. 

To bring the preliminary hypothesis into line with Meisenheimer’s 
conclusion, it can be amended as follows—a sulphur atom, or any 
other atom, is asymmetric when it is attached to three dissimilar 
groups, is in possession of a lone pair of electrons, and carries a 
positive charge (or alternatively has lost an electron). If such a 
system be represented graphically in three-dimensional space on the 
lines of the classical theory of van ’*t Hoff (III), it becomes apparent 
that the amended hypothesis may contain one unnecessary condition, 
namely, the possession by the atom of a lone pair of electrons. 


A+ 
NH, A+¢ JN 
R, xN x (IL) /| (III.) ak ie (VIL.) 
xe / | SE eee, F 
Re Rf Rs R, 
‘ : 


For if it remained a necessary condition, a consideration of 
demonstrated asymmetry associated with quadrivalent systems 
indicates that the presence or absence of a positive charge is im- 
material. 


Ry C,H; | 
Iv.) R,—0-R, | CH,—N—OH O:S0,°C9H,0 (V.) 
b, | ba, | 
F , oH; 
ms ‘CH, a ale O:80,°C,5H,;0 (VI.) 
H,-CH:CH, 


The oe of the carbon atom in (IV) and of the methyl- 
ethylaniline oxonium ion (V), shown to exist in optically active forms 
by Meisenheimer (Ber., 1908, 41, 3966 ; 1909, 42, 303; Annalen, 1911, 
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385, 117) and formulated as above by Lowry (Trans. Faraday Soc., 
1923, 19, 488), supports this contention, as also does that of the 
«-phenylbenzylallylmethylammonium ion (VI) discovered by Pope 
and Peachey (J., 1899, 75, 1127). From these considerations it 
therefore appears that the possession of a lone pair of electrons is 
in no way associated with the asymmetry under discussion, but 
that when a tercovalent atom is asymmetric, it must earry a 
positive charge. 

Since the presence of this positive charge appears to be essential, 
the tercovalent atom cannot occupy the centre of the asymmetric 
system. It must be ex-centric; otherwise its presence would be 
immaterial, as is made obvious by a survey of compounds con- 
taining asymmetric quadricovalent atoms. 

The hypothesis finally decided upon is therefore—that an atom 
can be asymmetric if it is attached to three dissimilar groups and 
carries a positive charge, i.e., has lost an electron. Such an atom 
could be considered as occupying the apex of a tetrahedron, at the 
other three corners of which lie the three dissimilar groups (VII). 

Essentially then, the hypothesis advanced is that of van *t Hoff 
(1878) when speculating on the stereochemical possibilities of 
nitrogen compounds in his ‘‘ Ansichten tiber die organische Chemie,” 
with the added proviso that the atom should bear a positive charge. 
Werner also (“‘ Lehrbuch der Stereochemie,”’ 1904, p. 317) has drawn 
a sharp distinction between the asymmetry of quadrivalent carbon 
compounds and that of the sulphur compounds of Pope and Peachey 


R 
and Smiles. Werner considered that the system MZ R, was 


\R 
asymmetric, the four atoms being at the corners of a sittin, 
and that in the asymmetric sulphur (or selenium) compound the 
fourth group was co-ordinated with the sulphur atom. 

The deduction that the tercovalent atom should be positively 
charged is of great interest, since it indicates that one valency 
electron (or possibly two) in the molecule is subjected to influences 
which may leave its companions unaffected. This might give rise 
to dissymmetry of the orbits or vibrational frequencies amongst the 
electrons of the molecule, assumptions which have been employed 
by physicists in theoretical studies of optical activity. 


A Possible Cause of the Complex Rotatory Dispersion exhibited by 
Esters derived from Optically Active Secondary Alcohols and the 
n-Aliphatic Carboxylic Acids. 


In Part V (J., 1914, 105, 830) et seg. of these investigations it was 
suggested that the complex rotatory dispersion exhibited by the 


POWER ON CHEMICAL CONSTITUTION. PART XXVII. 2559 


carboxylic esters of optically active secondary alcohols was due to 
the existence within the apparently homogeneous ester of two 
isodynamic forms possessing rotatory powers of opposite sign and 
different rotatory dispersive powers. As a preliminary hypothesis, 
the two isodynamic forms were written 


0 
—- RY 1; 
noe _— RCT 


Nor, 
being based on an alternative formula, -C<f} . , for the carboxyl 


group suggested by Smedley (J., 1909, 95, mis. 

Written as above, it is difficult to imagine why the isodynamic 
forms of the ester should have different signs of rotation, this being 
considered essential to account for the success with which the 
rotatory dispersion curves of these esters can be reproduced by 
Drude equations containing two terms of opposite sign. 

If, however, the conclusion drawn in the preceding section is 
correct, an alternative formulation of the isomeric forms of carboxylic . 
esters is possible which indicates, as in the case of sulphinic esters, 
that an additional centre of asymmetry may be present. For 
example, 1-8-octyl acetate could be written 


l. Mig / obs Tes ets Fan. / oes 
_ Q = = ) 
d. O-C+ o=} +o—O I, 
CH, CH; CH, 


Thus the ester itself is to be considered capable of assuming an 
asymmetric structure in which the carbon atom of the carboxyl 
group is in combination with three different groups and is positively 
charged. This new asymmetric centre will, however, show, as far 
as our present ideas would lead us to expect, a fleeting and variable 
rotatory power, since the equilibrium (to which a one-sidedness is 
imparted under most conditions by the imposition on the molecule 
of that configuration with which the active octyloxy-group desires 
to be associated) could be rapidly readjusted by the addition or 
withdrawal of two oxygen electrons from the valency shell of the 
carbon atom. Such lability of activity is in agreement with the 
failure to detect any lag in the return of the rotatory powers of such 
esters to their original values after the presumed disturbance of the 
equilibrium between the three forms, or their suppression or modi- 
fication, e.g., by. heat, solvation, etc. 

The assumed existence of two enantiomorphous forms of a 
carboxylic ester together with a third form which is truly ketonic 
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receives some support from the observations of Sugden (loc. cit.), 
who finds that some anomaly in the usually accepted constitution of 
these esters is reflected in their parachors. It should be mentioned 
also that Lowry and Walker (Nature, 1924, 113, 565) consider that 
chromophoric groups in asymmetric molecules, such as the ketonic 
group in camphor, exhibit “ induced asymmetry.” Further, Lowry 
and Cutter (this vol., p. 609) suggest that “ the complex dispersion, 
which so often appears on passing from an optically-active alcohol 
to its esters, may be due to the development of a partial rotation of 
opposite sign in the carbony] radical of the unsymmetrical molecule, 
just asin the case of camphor.”’ 


The Mutarotation of the p-Toluenesulphinic Esters of 1-8-Octanol and 
of 1-Menthol. 


The mobility of the alkyl p-toluenesulphinates has been studied 
by an investigation of the p-toluenesulphinic esters of 1-8-octanol 
and of /-menthol. 

It was found that the /-8-octyl esters of p-toluenesulphinic acid, 
’ produced by the three methods outlined in a previous section, had 
rotatory powers of different magnitude. This can only be ascribed 
to the influence of the asymmetric acid radical. Thus when 
approximately molecular proportions of the l-alcohol and the 
sulphiny! chloride were allowed to react in ethereal solution and 
potassium carbonate was employed to remove the hydrogen chloride, 
the levorotatory ester isolated had a} — 22:0°. When pyridine 
was used in place of potassium carbonate, the rotatory power of 
the ester obtained was of the order a%;, —6-0°. Further, the ester 
obtained by the displacement of the ethoxy-group of ethyl] p-toluene- 
sulphinate had «3,, — 25-0°. 

When such esters had been twice distilled quickly, they could 
be redistilled slowly without more than traces of decomposition. 
Especially was this true of the ester prepared by the displacement 
method. It was found that when this ester was slowly redistilled it 
could be separated into fractions with widely different rotatory 
powers, indicating that /-8-octyl 1-p-toluenesulphinate could be 
separated from /-f-octyl d-p-toluenesulphinate by fractional dis- 
tillation at very low pressures. 

A remarkable fact about such distillations was that, if the ester 
was redistilled slowly and as far as possible completely, its rota- 
tory power increased by «:{;,, —2-0°. Indeed, by this means /-8- 
octyl J +-dl-p-toluenesulphinate was obtained with «%;, — 68-14°. 
This result suggests that during redistillation dextrorotatory 
I-8-octyl d-p-toluenesulphinate changes into levorotatory /-f-octyl 
I-p-toluenesulphinate. When, however, 1-8-octyl 1 + dl-p-toluene- 
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sulphinate was heated under the same low pressures used during 
these fractionations, but at temperatures just below those at which 
distillation occurred, its rotatory power was unaltered at the end 
of 2hours. It is suggested tentatively, therefore, that the observed 
increase in rotatory power during slow distillation is due to the loss 
of a smal] quantity of dextrorotatory /-8-octyl d-p-toluenesulphinate 
which, having a higher boiling point, predominates in the ester 
moistening the flask at the end of the distillation. The evidence 
obtained from the experiment described, however, is not conclusive, 
since the ester did not pass through the vapour state before its 
rotatory power was redetermined. 

On fractional distillation of a levorotatory f-octyl p-toluenesul- 
phinate, with «3;, — 5-86°, prepared directly from 1-8-octanol by its 
interaction with p- enpeenes aad chloride in presence of pyridine, 
the extreme fractions had «3%;, — 23-30° and «gj, + 15-28°, respec- 
tively, the dextrorotatory ester doubtless being 1-8-octyl d+-dl-p- 
toluenesulphinate. 

The interconvertibility of /-8-octyl d -p-toluenesulphinate and 
l-8-octyl I-p-toluenesulphinate with rotations of opposite sign is 
suggested by the results of the distillations and rendered more prob- 
able by the marked mutarotation which the esters displayed. Indeed 
all specimens on keeping, even that with «z;, + 15-28°, eventually 
reached a constant value of approximately «f;,, — 19-0°. 

In Table I are recorded the changes in rotatory power with time 
of (A) an ester prepared from /-8-octanol and the sulphinyl chloride 
in presence of pyridine, and (B) an ester obtained by the displace- 
ment of the ethoxy-group of ethyl »-toluenesulphinate. 


TaB_eE I. 
Mutarotation of Levorotatory p-Toluenesulphinates of 1-8-Octanol. 


A 
Time in : “- _ 25° 25° 
hours. 5893+ 5461+ 0.4359- i 93+ BA 4359- 
a —5:98° —7-56° —12-16° — 

91 6-46 7°74 12-93 20- 98 di 92° —45- 568° 
236 7-86 9-28 15-82 20-46 24-38 43-70 
405 11-94 14-20 25-42 19-88 24-30 43-42 
570 15-58 18-24 33-04 18-62 22-34 40-22 
666 16-38 19-28 33-84 17-82 21-44 38-88 
787 16-36 19-36 35°84 16-82 20-44 36-96 
912 16-06 19-60 35-36 16-42 19-72 35-50 

1121 16-08 19-54 35-50 16-06 19-68 35-42 
1433 16-04 19-66 35-20 16-08 19-62 35°14 


14° 25° 
* 5893 not G5so3- 


The curves obtained by plotting the above data are of a complex 
character and do not agree with a monomolecular law. They have 
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not so far been submitted to mathematical analysis, since it is not 
yet known how far they represent only mutarotation (i.e., inter- 
conversion of the dextrorotatory and levorotatory forms of the ester) 
as distinct from hydrolysis, oxidation by contact with the air, and 
decomposition or polymerisation of the possible intermediate form 
or forms, during the prolonged period the esters were under observa- 
tion. Such doubts have arisen because, on attempted redistillation 
of esters the rotatory powers of which have reached the equilibrium 
value, small quantities of 8-octanol can be recovered prior to the 
obvious decomposition which generally ensues. 

That oxidation alone could account for the observed mutarotation 
is a view which can be dismissed, as the rotatory power of the 
sulphonic ester (the most likely oxidation product) is but half that 
of the equilibrium mixture. Considerable experimental evidence 
in support of the view that some interconversion of the dextro- 
rotatory and levorotatory forms of the ester takes place is supplied 
by the mutarotation data of a dextrorotatory p-toluenesulphinate 
of /-6-octanol (I-8-octyl d + dl-p-toluenesulphinate) recorded in 
Table II. 

TaBLeE II. 


Mutarotation of a Dextrorotatory p-Toluenesulphinate of 1-8-Octanol. 
Time in 2 " £ 
hours. au abies. eine 

— +13-34° +15-28° +31-48° 
240 8-46 10-38 21-50 
408 2-44 3-18 8-14 
600 — 10-34 — 11-90 — 20-98 
744 13-36 16-18 28-68 
911 15-96 19-36 34-56 
935 — — — 
1106 16-28 19-50 35-06 
1443 15-84 19-12 34-12 


The preliminary experiments which have been made with the 
p-toluenesulphinyl derivative of /-menthol confirm and emphasise 
the correctness of the above conclusions. The levorotatory 
modification of this ester has been prepared with a rotatory power 
in acetone solution (c = 2-5) of [«]}%;, — 240°, and the dextrorotatory 

modification with [«]!%;, -+- 35°. The dextrorotatory form (J-menthy] 

d + dl-p-toluenesulphinate) was an oil which, after standing in a 
closed glass vessel for 91 days, changed to a crystalline mass of 
l-menthy] 1 + dl-p-toluenesulphinate with [«]!%;, — 187-6°. 

The Mechanism of the Mutarotation—The mechanism of the 
change 1-8-octyl d-p-toluenesulphinate == I-8-octyl 1-p-toluene- 
sulphinate is obscure, especially as it proceeds in the absence of 
solvents. This suggests that it is intramolecular in character and 
possibly is due to the valency shells of the atoms which make up 
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the ester being able to adopt an alternative configuration. This 
might occur by the sulphur atom sharing its “ lone pair ”’ of electrons 
with the carbon atom through which it is attached to the toluene 
ring. <A readjustment of the valencies of that ring would ensue, 
leaving the para-carbon atom with a completed valency shell and 
therefore with a negative charge.* The sulphur atom would 
acquire an additional positive charge. 


Such a mechanism would be impossible in either [-8-octyl 
benzoate ¢ or 1-8-octyl p-toluenesulphonate, in neither of which, 
nor indeed in any optically active benzoate or sulphonate, has muta- 
rotation been detected. The suggested mechanism would also 
account for the observed racemisation of optically active ethyl 
p-toluenesulphinate. 


The Optical Inversion of p-Toluenesulphinic Esters which contain an 
Asymmetric Sulphur Atom. 


When levorotatory 8-octyl p-toluenesulphinate is prepared from 
molecular proportions of ethyl p-toluenesulphinate and /-8-octanol, 
it has «3, — 25°. When two molecular proportions of the ethyl ester 
are used and one of /-$-octanol, it has «%;, — 34° and the ethyl 
p-toluenesulphinate remaining is levorotatory. 

Further, the alcoholysis of a levorotatory 8-octyl p-toluene- 
sulphinate with «?i;, — 36° gives a dextrorotatory ethyl p-toluene- 


* The mechanism suggested differs from the tautomerism of phenol, 


\cn,, which is indicated by the 


identity of benzoquinonemonoxime and p-nitrosophenol, and for which 
much other chemical evidence is reviewed by Ingold (J., 1922, 121, 1139), 
only in the supposed absence of a mobile hydrogen atom. Its validity 
could of course be tested by an investigation of esters of alkyl-sulphinic acids 
when suitable methods have been found for the preparation of these compounds 
in a state of purity. 

t The possibility that /-B-octyl benzoate does show slow mutarotation or 
that it can exist in two relatively stable modifications of opposite rotatory 
power is remote. Widely different methods have been used in this laboratory 
for its preparation, and it has been fractionally distilled without marked 
alteration in its rotatory power, which rapidly reached a constant value. 
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sulphinate and /-8-octanol. These two products apparently react 
to some extent while being separated by fractional distillation, 
giving a small quantity of a levorotatory B-octyl p-toluenesulphinate 
with a2, — 62°. 

A consideration of these results led to the conclusion that if 
dextrorotatory ethyl p-toluenesulphinate has the “ d ” configuration, 
then J/-8-octyl d-p-toluenesulphinate has a higher levorotatory 
power than [-8-octyl /-p-toluenesulphinate. It was felt that this 
conclusion was incorrect and that what really occurred was that 
l-8-octanol reacted with ethyl d-p-toluenesulphinate and produced 
1-8-octyl /-p-toluenesulphinate, i.e., during the displacement of the 
ethoxy-group the configuration of the ester molecule was reversed. 

To prove this contention a series of reactions was carried out 
with the following results : 


i-B-Octanol (1 mol.) | Ethyl /-p-Toluene- heatedwith n-Butyl d-p-Toluene- 
(a2 — 8-06°) grea sulphinate with ———OQ—-,  gulphinate with 
a2", —5-82°. n-butyl alcohol a%, +0°32°. 
+ 


dea, 


n-Alkyl p-Toluene- n-Butyl l-p-Toluene- 
sulphinate (2 mols.) sulphinate with 
(A, ethyl; B, n-butyl) az, — 346°. 

Thus, when /-8-octanol is heated with two molecular proportions 
of either ethyl or n-butyl p-toluenesulphinate, a levorotatory 
normal ester is left in each case. The configuration of levorotatory 
ethyl p-toluenesulphinate is therefore the same as that of levorota- 
tory n-butyl p-toluenesulphinate. The reaction between n-butyl 
alcohol and levorotatory ethyl p-toluenesulphinate produces 
dextrorotatory n-butyl p-toluenesulphinate. Whilst considerable 
racemisation, due to the interaction or possibly to mutarotation, 
has taken place, yet it is clear that these reactions are also 
accompanied by inversion of configuration. 


A Comparison between the p-Toluenesulphinic and the p-Toluene- 
sulphonic Esters of 1-8-Octanol and of 1-Menthol. 


In the same way that optically active ethyl p-toluenesulphinate 
when oxidised yields optically inactive ethyl p-toluenesulphonate, 
the oxidation of J-menthyl /-+-dl-p-toluenesulphinate and of /-menthy] 
d + dl-p-toluenesulphinate yields the same /-menthyl p-toluene- 
sulphonate. Similarly, the oxidation of 6-octyl esters of p-toluene- 
sulphinic acid with widely different rotatory powers yields the same 
1-8-octyl p-toluenesulphonate. 

The asymmetric character of the p-toluenesulphinic esters does 
not appear, therefore, to be retained by those of p-toluenesulphonic 
acid. 


POWER ON CHEMICAL CONSTITUTION. PART XXVII. 2565 


There exists also a wide difference between the chemical charac- 
teristics of the two series of esters, attributable to the loss by the 
sulphur atom of the sulphinoxy-group of its unsaturated character 
when that group is converted into the sulphonoxy-group. For, 
when the sulphinic esters are refluxed with an ethyl-alcoholic 
solution of potassium acetate, they do not enter into reaction with 
the salt but, as described in the previous section, undergo alcoholysis 
(VIII). The sulphonic esters, however, under the same experi- 
mental conditions, react readily, not only with the ethyl alcohol to a 
small extent, but also to a larger extent with the potassium acetate 
(IX). 

Ro* :SO-C,H, 
ee") “HI ORt 


RAO-SO,-C,H, 
OEt!H (IX.) 
CH,CO, | K 


The mode of decomposition of sulphinic esters indicated in (VIII) 
suggests that the four bonds of the carbon atom in the group RO 
would remain undisturbed, and hence any optically active alcohol 
regained by alcoholysis should be unchanged in sign or magnitude 
of rotatory power. In a reaction of a sulphonic ester such as is 
indicated in (IX) the bonds of the asymmetric carbon atom are 
disturbed and the asymmetric complex, of which the group R 
forms a part, would be likely to be inverted in configuration * or to 
suffer loss of rotatory power. These deductions are in agreement 
with the experimental results described below, obtained with (a) the 
I-8-octyl esters and (b) the /-menthyl esters of p-toluenesulphinic 
and of p-toluenesulphonic acids. 

(a) The 1-8-Octyl Esters. The Optical Inversion of 1-8-Octanol.— 
The following series of reactions was carried out : 


C,H H ©H,soo aC, (Hs KO,C: £0,0-CHs ( «His 
CH >C<oH HE >C<G, ‘SO-C,H, TEtOH OH E> C<Gu 
b ~ 8.049 a. ) — —9-64° (XI.) * _$.02° +. ) 


| (CH,°CO),0 _ Oxidation 


0,H 
UEP >C<G. -CO-CH, 
‘ar —6-09°.+ — —6-78° " OXHIL. y 


Cc e>c <o CO-CH, 
a +5-64° (XIV.) 


* The complete inversion of optically active benzylmethylearbinol (Part 
XVII, J., 1923, 128, 44) and of dextrorotatory ethyl lactate (Part XXIV, 
this vol., p. 399) have been effected by the aid of such reactions. 

{ Part V, J., 1914, 105, 830. 
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1-8-Octanol (X) was converted into its p-toluenesulphinic ester by 
the requisite sulphinyl chloride in presence of pyridine, and since 
the reaction can be assumed to consist solely in the replacement of 
the hydrogen atom of the hydroxyl group of the l-alcohol by the 
p-toluenesulphinyl group, the valencies of the asymmetric carbon 
atom remain undisturbed and therefore the asymmetric carbon 
complex in the sulphinic ester (XI) has the same configuration as 
that of its parent alcohol. 

When heated under reflux with an alcoholic solution of potassium 
acetate, the sulphinate (XI) was decomposed and /-8-octanol (XII), 
unchanged in rotatory power, was regenerated. The oxidation of 
the sulphinate to the sulphonate * (XIII) involves the addition 
of an oxygen atom to the sulphur atom and_-is unlikely to cause 
configurative change of the asymmetric carbon complex in the 
molecule. The /-sulphonate when treated in a similar manner to 
the /-sulphinate gave d-$-octyl acetate (XIV) with almost complete 
inversion of configuration. This is evident, since /-8-octanol, when 
treated with acetic anhydride, gives 1-8-octyl acetate aj — 6-09°, 
from which by hydrolysis /-8-octanol can be regained unchanged 
in rotatory power. 

These results have been confirmed by means of d-f-octyl 
p-toluenesulphonate and an ethyl-alcoholic solution of potassium 
benzoate, interaction of which led to the formation of 1-8-octyl 
benzoate, «3° — 28-7°, which gave on hydrolysis 1-$-octanol, a>" 
— 6-96° ; and 1-8-octyl ethyl ether, «‘#” — 14-08° as compared with «}* 
+ 15-38°, the magnitude and sign of rotatory power of the ethyl 
ether prepared directly from d-8-octanol. 

(b) The 1-Menthyl Esters. The Conversion of 1-Menthol into 
d-neoMenthol.—When a highly levorotatory menthyl p-toluene- 
sulphinate was heated under reflux with an alcoholic solution of 
potassium acetate, the /-menthol regenerated was optically pure. 

The J-menthyl p-toluenesulphonate required was prepared by 
the interaction of molecular proportions of J-menthol and p-toluene- 

‘sulphonyl chloride in presence of pyridine, a mode of preparation 
which ensured that the /-menthyl complex would retain the con- 
figuration of the parent J-menthol. It reacted readily with salts of 
carboxylic acids in ethyl-alcoholic solution, but by far the greater 
part of the product was a menthene. Of the large number of 
experiments performed, only two gave decisive evidence of the 
formation of an ester of d-neomenthol, namely, the interaction of 
the sulphonic ester with glacial acetic acid and with ammonium 


* It was found that /-8-octyl p-toluenesulphonate cannot readily be pre- 
pared by the direct interaction of the p-toluenesulphonyl chloride and the 
l-alcohol in presence of pyridine. 
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acetate. With acetic acid, a mixture of menthols with «jj — 28-94° 
was obtained, the hydrogen phthalic esters of which on recrystallis- 
ation gave an ester with [«], + 14-60°, which was therefore mainly 
d-neomenthyl hydrogen phthalate (compare Pickard and Little- 
bury, J., 1912, 101, 109). The recovered menthols on oxidation 
gave as the sole product an optically pure /-menthone with [«]j" 

— 24-28°. When ammonium acetate was used, the mixture of 
menthols eventually isolated had «jj + 10-0°. 

This conversion of /-menthol into d-neomenthol is not strictly 
a Walden inversion, since the chemical reactivities of these two 
alcohols are not identical and, moreover, they are not optical 
isomerides. They are geometric isomerides in which the hydrogen 
atom and the hydroxyl group are attached to an asymmetric carbon 
atom, the relationship between them being indicated by the following 
formule : 


CH, 
I Ea cite. | i lv CH, CH 


\ 
k Be i Ad A 


The Bearing on the Theory of the Walden Inversion of the Phenomena 
encountered during the Investigation. 


R 
The possible free existence of the system +- CR, in an optically 
R 


active state is a deduction of particular interest from the point of 
view of the Walden inversion. After the experiments of Senter (J., 
1910, 97, 362) had shown that the reaction between halogen- 
substituted carboxylic acids and silver salts took place between the 
acid anion and the silver kation, Biilmann (Annalen, 1913, 388, 338) 
tacitly assumed the free existence of such a system, formulating the 
Pa of «a-bromopropionic acid as follows : 
| OH; ) re 
| | = 
tne A= agbr+|H—-Ct | 25 H-C-OH 
| - 
di: O | CO-O, CO-0 


Whilst such a representation of this reaction cannot be advocated 
at present, it appears possible that the formation of an asymmetric 
system associated with a tercovalent carbon atom bearing a positive 
charge is connected with the phenomenon of the Walden inversion. 
On the current ideas of the electronic theory of valency and those 
of the classical theories of stereochemistry, it would appear that such 
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a system would not be inverted in configuration by its conversion 
into a quadricovalent one through the addition of a negative 
ion. The conclusion seems inevitable, therefore, that if the production 
of such a system represents an intermediate stage in a reaction 
leading to a Walden inversion, it must at the moment of its formation 
adopt the opposite configuration to that of the quadricovalent system 
from which it arose. 

It is convenient, in the light of the above observations, to consider 
the inversion of the p-toluenesulphinic esters which occurs during 
alkyloxy-interchange. The fact that J-8-octanol can be recovered 
unchanged either in sign or magnitude of rotatory power from its 
p-toluenesulphinic esters is strong evidence that during the inversion 
the l-octyloxy-group leaves the molecule. 

At first sight it would appear that a mechanism for the inversion 
could readily be formulated, since the sulphur atom is attached to 
only three groups. The electronic theory of valency, however, 
forbids the addition of a fourth negative group, since that would 
cause a surplus of valency electrons. Since from the theory a fourth 
group cannot form a covalency with the sulphur atom until one of 
the three groups leaves the molecule, the inversion of sulphinic 
esters appears to be strictly analogous to the Walden inversion. 
It is of course possible to formulate an intermediate complex such as, 


but unless some subdivision of valencies occurs, it would appear 
that just as in the case of quadricovalent atoms Biilmann (loc. cit.) 
was forced to assume that their conversion into tercovalent atoms 
did not entail loss of asymmetry, so also it is necessary from the 
above-mentioned considerations to assume that a sulphinic ester 
can lose its alkyloxy-group and the residual system can remain 
asymmetric. 

Indeed, a careful consideration of both the Walden inversion 
and the analogous optical inversion of p-toluenesulphinic esters 
indicates that such inversions are intimately connected with the 
withdrawal of a negative group from an asymmetric molecule and in 
particular with the withdrawal of two electrons from the valency shell 
of the atom usually designated as asymmetric. 


EXPERIMENTAL. 


p-Toluenesulphinic acid was prepared by reducing recrystallised 
p-toluenesulphonyl chloride by a strong solution of sodium sulphite 
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(Blomstrand, Ber., 1870, 3, 965), and purified by recrystallising its 
sodium salt from water; the acid obtained from the pure sodium 
salt was partly dried on a porous plate and then completely dried by 
prolonged desiccation over calcium chloride in a vacuum. 
p-Toluenesulphinyl chloride was prepared when required by Hilditch 
and Smiles’ method (Ber., 1908, 41, 4113; Hilditch, J., 1910, 97, 
2585). Thionyl chloride * (1-1 mols.) was dissolved in an equal 
volume of dry ether, and the acid (1 mol.) added gradually with 
agitation. When all the acid had dissolved, the mixture was 
warmed very gently until gases were no longer evolved. The ether 
and the excess thionyl chloride were then removed in a vacuum at 
the ordinary temperature, and the oily residue was dissolved in light 
petroleum. The solution thus obtained was filtered from the small 
quantity of a white solid which was usually precipitated, and sub- 
jected to a vacuum at the ordinary temperature for at least 6 hours ; 
the p-toluenesulphinyl chloride then remained as a pale yellow oil. 

This acid chloride was described by Hilditch and Smiles (loc. cit.) 
as a solid, m. p. 55—58°, but Braun and Kaiser (Ber., 1923, 56, 553) 
were unable to crystallise a specimen which had been distilled. 

Ethyl dl-p-Toluenesulphinate—A vigorous evolution of carbon 
dioxide occurred when p-toluenesulphinyl chloride (172 g.) in ether 
(100 c.c.) was added to a mixture of ethyl alcohol (69 g.) and ether 
(300 c.c.) covering anhydrous potassium carbonate (207 g.). After 
12 hours, water was added, and the ethereal layer was separated, 
repeatedly washed with water, and dried over potassium carbonate. 
On removal of the ether, 115 g. of crude ethyl] dl-p-toluenesulphinate 
were obtained which, when distilled at 0-1 mm., darkened considerably 
but gave a colourless distillate, 95 g., b. p. 99—104°, n#" 1-5306, and 
left a black, tarry residue, 12 g., which did not distil at a higher 
temperature and deposited crystals on cooling. 

In order to test the purity and homogeneity of the ethyl] dl-p-tolu- 
enesulphinate, it was slowly redistilled at less than 0-1 mm.,t 
and divided into eight fractions. Six of these, of combined weight 
75 g., had n>" 1-5309, whilst redistillation of the extreme fractions 

* The thionyl chloride used was water-white in appearance, having been 
successively distilled from quinoline, linseed oil, and beeswax (Meyer and 
Schlegel, Monatsh, 1913, 34, 569). 

+ A Fleuss pump backing a Langmuir mercury-vapour pump was 
employed throughout this research to obtain the pressure given as “less than 
0-1 mm.” As a rough gauge to the low pressures obtained, a discharge tube 
was employed. With the distillation flask cut off from the pumps, a very 
high vacuum could be obtained, but during distillation the actual pressure 
in the distillation flask, and hence the boiling point of the liquid distilled 
was influenced by slight leakages and by the presence of restrictions, e.g., 


taps of narrow bore, in the connexions to the various distillation flasks and 
apparatus used. 
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yielded a further 13-5 g. with the same refractive index. It was 
therefore concluded that ethyl dl-p-toluenesulphinate with n3" 1-5309 
was pure and was not a mixture of isomerides of widely different 
chemical constitutions. It had d? 1-114 (Found: S, 17:3. 
C,H,,0,8 requires 8, 17-4%). ' i 

Ethyl dl-p-toluenesulphinate was also prepared by the action at 
— 10° of p-toluenesulphinyl chloride (1 mol.) on ethyl alcohol 
(1 mol.) dissolved in light petroleum (200 c.c.) containing pyridine 
(1 mol.). The action was complete after 2 hours. The solution was 
washed four times with water, twice with dilute hydrochloric acid, 
and again with water, dried with anhydrous potassium carbonate, 
the light petroleum removed, and the product distilled as previously 
described. It left a larger non-volatile residue, but the distillate 
was identical with that previously described. 


The Determination of the Parachor of Ethyl dl-p-Toluenesulphinate 
(communicated by Dr. S. Sugden). 


Tasie ITI. 


Pressure, D, ” Parachor. 
dyn. /cm.?, g./c.c. >. dyn. /cm. 7/4M /D. 
4849 1-120 1-0217 38-48 409-4 
4662 1-107 1-0224 37-03 410°3 
4432 1-091 1-0232 35-23 411-1 


Densities determined: d}3* 1-120, d3 1-105, d?* 1-090, whence 
d;. = 1-137 — 0-000935¢. The surface-tension measurements were 
made in apparatus 4, for which r, = 0-139 cm. and A = 0-007767. 
For the method of calculation, see J., 1922, 121, 858; 1924, 125, 
27; and for the values of the atomic parachors, see J., 1924, 125, 
1180. 

n-Butyl dl-p-toluenesulphinate was prepared by the interaction 
of n-buty] alcohol and p-toluenesulphiny] chloride in ethereal solution 
in presence of potassium carbonate. After two fractionations at a 
low pressure, 80% of the crude ester was obtained with b. p. 90— 
95°/0-1 mm., n}" 1-5195, and dz 1-066 (1-1378 required 0-3005 of 
potassium hydroxide for complete hydrolysis. Theory, 0-3008). 


The p-Toluenesulphinic Esters of Optically Active B-Octanol. The 
Methods of Preparation employed and the Mutarotation shown by 
the Esters obtained. 


(a) By the Interaction of 1-8-Octanol and p-Toluenesulphinyl 
Chloride in Ethereal Solution in Presence of Potassium Carbonate.— 
To potassium carbonate (30 g.), covered by a solution of 1-8-octanol 
(a” — 8-10°; 1 = 1-0) (16 g.) in ether (25 c.c.), p-toluenesulphinyl 
chloride (26 g.) in ether (25 c.c.) was added; the mixture was left 
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for 4 days and occasionally stirred. Water was then added, the 
ethereal layer separated, washed with water, and dried over potassium 
carbonate. After removal of the ether, the crude {-octyl p-toluene- 
sulphinate was distilled at less than 0-1 mm. It had b. p. 125—128° 
and left a black tarry residue. On redistillation, B-octyl p-toluene- 
sulphinate (25 g.) was obtained as a colourless oil with nf 1-5065 
and af” — 22-16 (/= 1-0). 1-3304 required 0-2780 of potassium 
hydroxide for complete hydrolysis (theory, 0-2784). 

Mutarotation. 'The ester was stored in a glass bottle. Its rotatory 
power (J = 0-5) became ai” — 8-28° after 360 hours, «3° — 8-21° after 
792 hours, «\$° — 8-01° after 1608 hours, and «?" — 7-88°, a2, — 9°75°, 
asso — 17-08° after 2376 hours; nj}" 1-5053. 

Reaction with glacial acetic acid. 9-5972 G. of the ester were 
made up to 100 c.c. with glacial acetic acid which had been previously 
distilled from potassium permanganate. The solution was immersed 
in a thermostat at 25-15° and the following determinations of its 
rotatory power were taken at 25° in a 2-dem. tube: 


TABLE LV. 
Time (hours) 0 74 142 241 335 425 570 739 
—4-27° —1-03° —0-54 —0-37° —0-29° —0-31° —0-27° —0-27° 
5:23 1-35 0-71 0:50 0-40 0-42 0°35 0-34 
928 2:26 1:04 059 O52 O55 044 053 


After the last reading had been taken, the solution was poured 
into water, and the oil which separated extracted with ether. The 
ethereal extract was washed with water until free from acid and 
then dried over anhydrous sodium-sulphate. On removal of the 
ether, the residue was distilled, when it gave a fraction, b. p. 89— 
90°/17 mm. (5 g.), which was /-8-octyl acetate. A black, viscous 
residue remained which decomposed on attempted distillation at a 
pressure less than 0-1 mm. The /-8-octyl acetate was redistilled 
and then had d3* 0-8570, aif — 6-00°, ais" — 7-14°, values in close 
agreement with those given in Part V (loc. cit.). 

Assuming that the levorotatory 8-octyl p-toluenesulphinate was 
converted completely into 1-8-octyl acetate, 6-16 g. of the acetate 
were produced and [«]f° —2-27° would represent its specific rotatory 
power in solution. In Part V (loc. cit.), [«]ji’ — 3-65° is given for the 
specific rotatory power of 1-8-octyl acetate in acetic acid solution 
(c = 5), and hence it is possible that at the end of the experiment the 
solution contained some other optically active ingredient which did 
not contain the B-octyl radical. 

(b) By the Interaction of 1-8-Octanol and p-Toluenesulphinyl 
Chloride in Presence of Pyridine—To a solution of 1-8-octanol 
(«5° — 8-06°; 1 = 1-0) (12 g.) in pyridine (10 g.) cooled to — 17°, 
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p-toluenesulphinyl chloride (17 g.) was added gradually so that the 
temperature did not rise above 0°. After 12 hours, the product was 
poured into water, from which the oil which separated was extracted 
with ether. The ethereal extract was thoroughly washed with water, 
then with dilute hydrochloric acid, and again with water. It was 
then dried over potassium carbonate, the ether removed by distill- 
ation, and the residue, levorotatory 8-octyl p-toluenesulphinate, 
distilled at less than 0-1 mm.; 4 g. of J-8-octanol were recovered from 
the crude ester during the distillation, and after the ester itself 
had been distilled a small tarry residue, 0-5 c.c., remained in the 
flask. The levorotatory 8-octyl p-toluenesulphinate after a rapid 
redistillation at less than 0-1 mm. weighed 12 g. and had ni" 1-5052 
(10917 required 0-2294 of potassium hydroxide for complete 
hydrolysis. Theory, 0-2279). 

Mutarotation. The ester, in a glass container, was placed in a 
thermostat at 25-15°, and observations of its rotation in a tube of 
50 mm. at 25° were made at intervals. The rotatory power is 
recorded as for a tube of 100 mm. in Table I (p. 2561). 

After 1435 hours, the ester was dissolved in ether, the solution 
washed with dilute potassium carbonate solution to remove possible 
traces of acidic substances, and, after drying with anhydrous 
potassium carbonate, the ester was recovered in the usual manner 
and distilled in a high vacuum. It darkened rapidly and gave a 
low-boiling fraction which from its odour contained @-octanol. The 
main bulk of the ester, however, distilled at 105—110° and had 
ni; 1-5044, ofS, — 11-64°, a3, — 14-03°, and a%;, — 25-68 (J = 0-5). 

A black residue which would not distil without decomposition 
remained in the distillation flask. 

(c) By the Displacement of the Ethoxy-group of Ethyl dl-p-Toluene- 
sulphinate by heating that Ester with 1-B-Octanol._—tl-8-Octanol (a\¥ 
— 8-04°; 1 = 1-0) (9 g.) and ethyl dl-p-toluenesulphinate (12-7 g.) 
were mixed and heated in a flask maintained at 15 mm. on a steam- 
bath. After 54 hours, the product was distilled rapidly at less than 
0-1 mm. Levorotatory -octyl p-toluenesulphinate (16 g.) was 
obtained, b. p. 122—124°, ni§° 1-5078, and aj” — 21-16° (J = 1-0). 

Mutarotation. The ester was placed in a glass bottle immersed in 
a thermostat at 25-15°. Determinations of its rotatory power in 
tubes of 50 mm. were made at intervals at 25° and are recorded as for 
100 mm. tubes in Table I (p. 2561). 

After 1540 hours, the ester, the rotatory power of which had 
reached apparently a constant value, was distilled in a high vacuum. 
Three drops of distillate, having an odour resembling that of §- 
octanol, were obtained before the temperature of the vapours leaving 
the distillation flask reached 120°. The ester darkened rapidly, but 
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about half of it was distilled before the residue showed marked 
signs of decomposition. This distillate had n° 15005; d? 1-000; 
ais; — 13-52°, a, — 16-25°, and ai;, — 30-09° (7 = 0-5). 

Mutarotation of the ester in benzene solution. The levorotatory 
ester used was prepared from /-6-octanol («5 — 8-06°; 1 = 1-0) as 
previously described in this section. It was redistilled at less than 
0-1 mm. and had b. p. 123—125° and aj’ — 24-72° (J = 1-0). 
8-5294 G. were made up to 100 c.c. with pure benzene which had 
been distilled from phosphorus pentoxide. The glass flask containing 
the solution was placed in a thermostat at 25-15°. The specific 
rotatory powers given below were calculated from the rotatory 
powers observed in a 2-dem. tube at 25°. 


TABLE V. 
Time (hours) 0 62 256 431 598 763 911 £1073 += 1241 
[a] —27-8° —27-6° —27-2° —19-2° —15-6° —13-3° —13-3° —13-4° —13-6° 
[a}ee 33-3 32-9 32-6 22-3 18-7 15:8 16-0 15-9 16-0 


[a}e 61-1 60-5 60-1 40:9 33:3 281 284 29-5 29-0 


After the last recorded determination had been made, the solution 
was placed in contact with anhydrous sodium sulphate for 12 hours. 
The benzene was then removed in a vacuum at the ordinary temper- 
ature. The recovered ester was yellow and had nj 1-5034, ai, 
— 7-46°, and a2;, — 8-76° (1 = 0-5); values approximating to those 
reached by the homogeneous ester on standing. An attempt was 
made to distil this ester in a high vacuum, but it darkened rapidly 
and decomposed after a few drops of distillate had been obtained. 

The Fractional Distillation of the 1-8-Octyl Esters of p-Toluene- 
sulphinic Acid.—(a) Isolation of 1-8-octyl 1 +- dl-p-tolwenesulphinate. 
Owing to the unstable nature of the crude p-toluenesulphinic esters, 
revealed during their first distillation, it was the usual practice in 
the early stages of this work to redistil them as rapidly as possible 
and attribute any observed change of boiling point to a change in 
the rate of distillation. Later, however, for reasons which have 
already been given, the distillations subsequent to the first were 
conducted very slowly in small flasks the necks of which were indented 
to ensure more efficient fractionation. 

Levorotatory 8-octyl p-toluenesulphinate (d2" 1-009 ; «2%, — 12-36°; 
t= 0-5) (18 g.), prepared from ethyl dl-p-toluenesulphinate and 
l-8-octanol («j" — 8-06°; 1 = 1-0) by the method of alkyloxy-inter- 
change, was redistilled in this manner and divided during an experi- 
ment lasting 8 hours into four fractions with b. p.’s from 118 to 126° 
at less than 0-1 mm. Fraction I (6 g.) had «33;, — 20-39° (l= 0-5); 
fraction II (6 g.), «335, — 18-32° (1 = 0-5); fraction III (2 g.), «2;, 
— 12-:51° (}= 0-5); and fraction IV (2 g.), «2%, — 35° (1 = 0-5). 
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With the exception of fraction IV, these fractions were systematically 
refractionated into fractions (a) 5 g., «2%, — 23-22° (l= 0-5); (b) 
4 g., a5, — 21-99° (1 = 0-5); (c) 3 g., a3%, — 16-42° (J = 0-5); and 
(d) 2 g., afi, — 8-41° (J = 0-5). Fractions (a) and (b) were mixed and 
distilled slowly until 6 g. of distillate had been obtained. This 
distillate had a2;, — 26-81° (1 = 0-5). Fraction (c), after it had been 
distilled slowly and as far as possible completely, had «34;, — 18-24° 
(1 = 0-5). It was mixed with fraction (d) and the residue from the 
redistillation of fractions (a) and (b), and the whole was redistilled 
slowly and completely. The distillate had «2;, — 20-01° (J = 0-5). 
After two more distillations, its rotatory power was «i;, — 23-80° 
(1 = 0-5). It was again redistilled and then added to the fraction 
with «3%;, — 26-81° (J = 0-5) (obtained as previously described by the 
fractionation of fractions a and b. The mixture was distilled three 
times; at the very low pressure used during the last redistillation, 
it had b. p. 94—102°, and the distillate «2, — 30-6°, a3;, — 57-75° 
(1 = 0-5). The increase in the rotatory power of the ester when 
slowly and as far as possible completely redistilled continued, for 
after it had been redistilled three times it had «2%, — 28-24°, «2%, 
— 34:07°, and «3; — 63-89° (1 = 0-5). It was then divided into 
two portions by a slow distillation. The distillate, b. p. 98—102°, 
had nf 1-5051 and «33, — 41-52°, a2, — 78-20°; the residual ester 
in the flask had «33;, — 25-82° and «25, — 48-07° (1 = 0-5). 

The residual ester was heated for 2 hours at 125—130° under the 
pressure at which the distillations described above were performed. 
Care was taken that no distillation occurred. The rotatory power 
of the residual ester, now slightly charred, was «25, — 25°62°, ai, 
— 48-05° (1 = 0-5). It was then distilled, added to the distillate 
with «;, — 41-52°, and the mixture redistilled; the J[-@-octyl 
-1 + dl-p-toluenesulphinate then obtained had n#° 1-5051, d? 1-010, 
a5s93 — 29°45°, ais, — 35-13°, and «25, — 66-39° (1 = 0-5). 

Mutarotation. The ester with «25, — 35-13° (J = 0-5) was placed 
in a glass container in a thermostat at 25-15°, and its rotatory 
power was determined at intervals of 188 hours. For at least 
762 hours its rotatory power was constant, but after 860 hours it 
had nn} 1-5039; a3, — 846°, o2%, —9-95°, and a2, — 18-04° 
(l = 0-5). 

(b) Zhe isolation of 1-f-octyl d + dl-p-toluenesulphinate. The 
levorotatory f-octyl p-toluenesulphinate used in this experiment was 
obtained by the gradual addition of p-toiuenesulphinyl chloride 
(38 g.) to.a solution of J-8-octanol (a2” — 8-06°; 1 = 1-0) (25 g.) in 
pyridine (22 g.), the temperature of the reaction mixture being 
maintained below 0°. The ester, isolated as previously described, 
was treated in ethereal solution with “ norit ” prior to its distillation, 
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at the commencement of which less than 1 g. of J-8-octanol was re- 
covered; no attempt was made to separate any other low-boiling 
fraction after this had been removed. The distillate, b. p. up to 112° 
(38 g.), had n#° 1-5015, d2" 1-002, and «2, — 2-55°, 255, — 2-93° and 
ars — 476° (1= 0-5). On redistillation, the distillate (35 g.), 
which left a small, tarry residue, had n° 1-5004, d3" 1-002, and 
a3 — 314°, ads, — 3°73°, a%3;, — 527° (1 = 0-5) (Found: S, 12-1. 
C,.H,,0,8 requires 8, 11-95%), but there had been an interval of 
4 days between the determination of the rotatory power of the first 
distillate and that of the redistilled ester. 

27 G. of this ester were then slowly redistilled and collected in 
two fractions. Fraction I (14 g., b. p. 99—105°, had n° 1-4966, 
d 0-9968, «2, — 9-50°, and a2i;, — 11-65° (1 = 0-5). It was yellow 
and somewhat impure (Found: §, 11-5%). Fraction II (9-3 g.), 
b. p. 105—114°, was colourless; it was l-octyl d + dl-p-toluene- 
sulphinate with n¥” 1-5055, d=" 1-005, «25, + 6-67°, «2;, + 7-64°, and 
asso + 15-74° (l = 0-5) (Found: §, 12-19%). 

Muiarotation. The dextrorotatory ester was placed in a glass 
bottle in a thermostat at 25-15°, and the determinations of its rota- 
tory power given in Table II (p. 2562) were made in a 50 mm. tube 
at 25°, but are given as for a tube of 100 mm. 


The p-Toluenesulphinic Esters of |1-Menthol. 

(a) Preparation of 1-Menthyl 1-4 dl-p-Tolwenesulphinate.— 
l-Menthol (18-3 g.) and ethyl dl-p-toluenesulphinate (21-6 g.) were 
heated together at about 60°/15 mm. After 48 hours, the product 
was cooled; it then solidified, and was readily soluble in benzene, 
ether, light petroleum, ethyl acetate, or acetone, but could be 
crystallised from the last four of these. 

On recrystallisation from light petroleum, levorotatory menthyl 
p-toluenesulphinate was obtained in fine needles, m. p. 98—100° and 
with [a]{%,; — 177-2°, [a]}i, — 213-0°, [a]i3;, — 387-4° in acetone 
solution (c = 2-483, 1 = 2-0). After it had been recrystallised three 
times from aqueous acetone, subsequent recrystallisation from this 
solvent and also from light petroleum produced no further change 
in the ester, which had m. p. 108—109°; [a]}ij, — 239-9°, [a]i% 
— 433-8° in solution in acetone (c = 2-609, 1 = 2-0). It is considered 
that this ester was probably optically pure /-menthy]l /-p-toluenesul- 
phinate (0-5888 required 0-1141 of potassium hydroxide for complete 
hydrolysis. Theory, 0-1123). 

Oxidation. To 1 g. of l-menthyl 1 + dl-p-toluenesulphinate in 
acetone (50 c.c.), finely ground potassium permanganate together 
with an equivalent quantity of magnesium sulphate was added until 
the pink coloration persisted for 15 minutes. The mixture was 
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diluted with water, and the manganese mud dissolved by passing 
sulphur dioxide; on cooling, the supernatant oil crystallised. The 
crystals, /-menthyl p-toluenesulphonate, after being washed with 
water and dried, had m. p. 96° (alone, or mixed with an authentic 
specimen), and [«],s,; — 69-0° in chloroform solution (c = 2-009, 
1 = 2-0) (compare Hilditch, J., 1911, 99, 233). 

Mutarotation Phenomena Observed during the Preparation of 1- 
Menthyl 1+ dl-p-Toluenesulphinate——The filtrate from the first 
recrystallisation of the crude levorotatory /-menthyl p-toluenesul- 
phinate was concentrated and then cooled in a freezing-mixture ; 
few crystals separated. The remaining solvent was therefore removed 
by distillation, finally at 15 mm.; the oily residue had [«]}j;, — 13-10° 
in acetone (c = 7-897, 1 = 2-0). Kept in a vacuum (0-1 mm.), 
it gradually became more viscous and set to a crystalline mass after 
4 days. The fine needles, m. p. 100—104°, obtained by recrystallis- 
ation from acetone, had [«]}%, — 224-9° in acetone (c = 2-790, 

= 2-0). A few drops of water were added to the filtrate from these 
crystals, when a further crop was obtained with m. p. 99—104°, and 
[a]sim — 228-0° in acetone (c = 2-780, 1 = 2:0). The mother-liquor 
from this recrystallisation was highly levorotatory. From these 
observations it can be concluded that the levorotatory power of the 
menthy] p-toluenesulphinate had increased considerably on standing, 
in agreement with the hypothesis that J-menthyl d-p-toluene- 
sulphinate can change into /-menthyl I-p-toluenesulphinate. 

These results were confirmed by a similar experiment in which 
l-menthol (49-2 g.) and ethyl dl-p-toluenesulphinate (58 g.) were 
allowed to react as previously described for 24 hours. The crude 
levorotatory menthyl p-toluenesulphinate obtained had [«];i: 
— 82-4° in acetone (c = 2-670, 1 = 2-0). After crystallisation from 
aqueous acetone, /-menthyl / + dl-p-toluenesulphinate (30 g.) with 
m. p. 99—102°, and [«]!J;, — 235-6° in acetone (c = 2-430, / = 2-0), 
was obtained ; after removal of the solvent from the mother-liquor, 
first by distillation and then in a vacuum, an oily menthyl 
p-toluenesulphinate was obtained with [a]}%, — 18°8°, [a]ike — 
29-2° in acetone (c = 3-243, 1 = 2:0). To remove possible traces 
of l-menthol, it was steam-distilled for 15 minutes; the residual 
oil, isolated and dried in ether, had [a]}%, — 18-0°, [a]i. — 
26-2° in acetone (c = 2-863, 1= 2-0). The crystalline mass 
obtained by keeping it in a closed glass vessel for 84 days had [«];is, 
— 187-9°, [«]!7;, — 340-0° in acetone (c = 2-838, 1 = 2-0). 

(b) Preparation of 1-Menthyl d + dl-p-Toluenesulphinate.—A solu- 
tion of J-menthol (15-6 g.) in pyridine (10 g.) was cooled to — 10°, 
and p-toluenesulphinyl chloride (17-2 g.) added in small quantities ; 
after 12 hours, water was added, and the liberated oil extracted 
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washed, and dried in ether in the usual way. The oil, on cooling 
after removal of the solvent, deposited crystals (12 g.) which, 
_ separated by filtration, had [«]}j;, — 162-0° in acetone (c = 2-824, 
1 = 2-0) and after recrystallisation from light petroleum gave 
l-menthyl / + dl-p-toluenesulphinate (7 g.), m. p. 102—103°; [o}iin 
— 227-1° in acetone (c = 2-566, 1 = 2-0). 

The dark yellow oil, J-menthyl d -+ dl-p-toluenesulphinate, 
which had been filtered from the crystals had «}3;, + 10-0° (1 = 0-25), 
the reading being accurate to 1°, and when dissolved in acetone 
had [a], + 35-04, [ai + 76-38° (c = 2-782, 1= 2-0). It 
decomposed at about 190°/0-05 mm. 

Oxidation of 1-menthyl d + dl-p-tolwenesulphinate. 1 G. of the 
ester when oxidised as previously described gave a crystalline 
l-menthyl p-toluenesulphonate which, after recrystallisation from 
ethyl alcohol, weighed 0-85 g., had m. p. 96°, and [«]}%, — 69-1° in 
chloroform (c = 2-366, 1 = 2-0). 

Mutarotation of \-menthyl d + dl-p-toluenesulphinate. 4:3 G. of 
the ester, kept in a closed glass tube for 91 days, became crystalline 
({a]:7, — 187-6°, [a]! — 338-6° in acetone; c = 2-503, 1 = 2-0) and 
therefore were now chiefly composed of /-menthyl [-p-toluene- 
sulphinate. On recrystallisation from aqueous acetone, /-menthyl 
1 + dl-p-toluenesulphinate (3-5 g.) was obtained, m. p. 107°; 
[«]!7;, — 237-5° in acetone (c = 2-187, 1 = 2-0), and this, on oxidation 
by the method previously described, gave a theoretical yield of 
l-menthyl -toluenesulphonate, m. p. 96°; [a]}%,; — 69-3° in 
chloroform (c = 2-430, 1 = 2-0). 


Preparation of Optically Active Derivatives of p-Toluenesulphinic 
Acid which do not contain an Asymmetric Carbon Atom. 

(a) Levorotatory Ethyl p-Toluenesulphinate (Ethyl 1 + dl-p-tolu- 
enesulphinate).—l-B-Octanol (a? — 8-06°; 1 = 1-0) (12 g.; 1 mol.) 
and freshly prepared ethyl dl-p-toluenesulphinate (nj° 1-5309) 
(34 g.; 2 mols.) were heated at about 60°/16 mm. and then at 40° 
at a lower pressure for a further2 hours. The product was system- 
atically fractionated at less than 0:1 mm. During the distillation 
of the lower-boiling fractions (levorotatory ethyl p-toluene- 
sulphinate) the distillation flask was connected to a distillation 
“triangle” having taps of large bore, but for the higher-boiling 
fractions (leevorotatory 6-octyl p-toluenesulphinate) even more open 
connexions had to be employed to ensure a higher vacuum in the 
distillation flask. 

The first distillation revealed the presence of unchanged I-8-octanol 
(1 g.) and gave three further low-boiling fractions—II (68 g.), 
b. p. 74—80°; III (11-6 g.), b. p. 80—90°; and IV (1-2 g.), b. p. 
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90—100°—consisting largely of levorotatory ethyl -toluene- 
sulphinate. These were refractionated and, after removal of a 
fraction (0-5 g.), b. p. 74—75°, fractions (6) (12-8 g.), b. p. 75—83°; 
(c) (4:0 g.), b. p. 83—85°; and (d) (1 g.), b. p. 85—90°, were obtained. 
Fraction (b) had n?" 1-5299, «253, — 281°, «2;, — 3-46°, and a23;, — 6-69° 
(1 = 0-5). Its refractive index showed that it was impure levorota- 
tory ethyl p-toluenesulphinate, and therefore fractions (6), (c), and 
(d) were slowly refractionated; fractions («) (3 g.), b. p. 72—74°, 
np 1-5295; (6) (4 g.), b. p. 74—75°, nd 1-5309, a3, — 336° (1 = 
0-5); (y) (5 g.), b. p. 75—76°, nZ" 1-5309, o%,, — 3-37° (1 = 0-5); and 
(8) (3 g.), b. p. 76—90°, were then obtained, leaving a residue 
(e), 2g. 

Fractions (8) and (y) were therefore levorotatory ethyl 
p-toluenesulphinate. 

The following experiments were made to prove that this levorota- 
tory ethyl p-toluenesulphinate unlike levorotatory B-octyl p-toluene- 
sulphinate, could not be separated by fractional distillation into 
fractions with different rotatory powers. 

Four days after the determination of the physical constants 
recorded above, fraction (8) had n#° 1-5307 and «%;, — 3-35° (l= 
0-5), and fraction (y) had nj 1-5307 and of, — 3-39° (J = 0-5). 
They were mixed and redistilled slowly in a very high vacuum. 
The first few drops of the distillate were neglected, the main fraction 
(6-7 g.), leaving a small dark residue, had b. p. 63°, d? 1-114, 
n= 1-5309, n%;, 1-5349, n%;, 1-5532, and a2, — 264°, a%;, — 3°30°, 
ai3s9 — 6°25° (1 = 0-5). Three days later, it was redistilled in a similar 
vacuum and, again leaving a small, discoloured residue, was thus 
divided slowly into two portions of the same weight. They had 
ne 1-5309, «35, —3-27°, and nz 1-5309, «2%, —3-22° (1 = 0-5) 
respectively. 

0-5984 of the portion which distilled first required 0-1817 of 
potassium hydroxide for complete hydrolysis (Theory, 0-1823). 

In order to prove that the levorotatory ethyl p-toluenesulphinate 
isolated did not consist of a mixture of (a) 1-B-octanol, or of (5) 
levorotatory §-octyl p-toluenesulphinate with inactive ethyl 
p-toluenesulphinate the following observations were made. 

A portion of the ethyl p-toluenesulphinate from the same batch 
as that used in the preparation of the levorotatory ester was 
inactive at 25° in a 200-mm. tube to light of 4 5461 and 4 4359. 

0-3882 G. of 1-8-octanol («> — 8-06°; 1 = 1-0) was made up to 
20 c.c. with this ethyl p-toluenesulphinate. The resulting solution 
had d3° 1-107, n® 1-5281, and a2;, — 0-58° (1 = 2-0). 

0-2314 G. of levorotatory B-octyl p-toluenesulphinate (nj" 1-5053 ; 
a3 — 22°17°; 1 = 0-5) was added to 7-8602 g. of the ethyl p-toluene- 
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sulphinate. The resulting solution had nj} 1-5297 and «zi, — 1-65°, 
aiss9 —2°90° (J = 1-0). 

Fifteen days after their separation and the determination of 
the rotatory powers recorded, the two portions of the optically 
active ethyl p-toluenesulphinate were mixed, and redistilled in a 
high vacuum; the mixture darkened rapidly and a black, tarry 
residue (0-5 g.) remained. The distillate (4-7 g.) had n# 1-5309 and 
ais, — 0-04° (1 = 1-0). 

Oxidation of the levorotatory ethyl p-tolwenesulphinate. Twelve 
days after its isolation, fraction (8) (p. 2578) was slowly redistilled 
in a high vacuum. The lower-boiling fraction was levorotatory 
ethyl p-toluenesulphinate (1-85 g.) with n}° 1-5308 and afi, — 3-10° 
(1 = 0-5). It was dissolved in acetone (30 c.c.), and a finely ground 
mixture of potassium permanganate (2 g.) and crystalline magnesium 
sulphate (1-6 g.) added in small quantities with agitation. The 
mixture was cooled and after 2 hours poured into water, and the 
manganese mud dissolved by the passage of sulphur dioxide. The 
heavy oil which separated, after being extracted, washed, and dried 
in ether, solidified (1-8 g.) in a vacuum; it had m. p. 34—35°, which 
was not depressed by admixture of the solid with ethyl p-toluene- 
sulphonate. 

The whole of the product made up to 20 c.c. with acetone gave 
a solution which was optically inactive in a 200 mm. tube. 

Isolation of the levorotatory £-octyl p-tolwenesulphinate formed 
during the preparation of the levorotatory ethyl p-tolwenesulphinate. 
After the removal of fractions I, IT, III, and IV during the distilla- 
tion of the mixture of levorotatory ethyl p-toluenesulphinate and 
levorotatory $-octyl p-toluenesulphinate (p. 2573), the residual 
liquid in the distillation flask was distilled and gave fractions V 
(11-3 g.), b. p. 100—105°; VI (5 g.), b. p. 105—110°; and a dark 
residue VII (3 g.). By redistillation of the high-boiling residues 
left. during the purification of the levorotatory ethyl ester, levo- 
rotatory B-octyl p-toluenesulphinate (1-3 g.), b. p. 100—105°/ < 0-1 
mm., was obtained with nj 1-5053 and «%,, —22-17° (l= 0-5). 
Fraction V above, without further purification, had nj 1-5054 and 
ass — 18-32° (1 = 0-5). Fraction VI was lost, but on distillation 
of the residue VII a small quantity of levorotatory $-octyl ester 
was obtained with a33;, — 8-55° (1 = 0-25). 

Thus it was shown that (a) the fractions of levorotatory 8-octyl 
p-toluenesulphinate obtained differed considerably in rotatory 
power, (6) the fraction which possessed the lowest rotatory power 
had agi;, — 34-20° (J = 1-0). 

(b) Levorotaiory n-Buiyl p-Toluenesulphinate (n-Butyl | -+- dl- 
p-T'oluenesulphinate—This was prepared in a similar manner to the 
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corresponding ethyl ester. The product of the interaction at 
80°/16 mm., of 1-B-octanol (a — 804°; 1 = 1-0) (7-8 g.) and 
n-butyl dl-p-toluenesulphinate (nf 1-5195), (25-7 g.), gave on 
distillation at a very low pressure a fraction (8-5 g.), b. p. 
80—94°, n° 1-5175, and «%;, — 459° (1 = 0-5). This was almost 
pure n-butyl p-toluenesulphinate. Four days after its isolation, 
it had nZ 1-5165 and ao%;, —4-39° (1 =0-5). On redistilla- 
tion, it darkened rapidly, but gave a distillate (6-9 g.), b. p. 
80—84°, ni 1:5189 and am, —2-24° (1=0-5). Some racem- 
isation had occurred, therefore, during the redistillation, and 
a further loss of rotatory power occurred during the last redis- 
tillation, when levorotatory n-butyl p-toluenesulphinate (5-3 g.), 
b. p. 84°/<0-1 mm., di?" 1-066, n$" 1-5195, and af, — 1-73° (1 = 0-5), 
was obtained. 

(c) Dextrorotatory Hithyl p-Toluenesulphinate (Ethyl d+ dl-p- 
Toluenesulphinate).—(i) From 1-8-octyl 1+ dl-p-toluenesulphinate. 
The levorotatory 8-octyl »-toluenesulphinate used in this experi- 
ment was formed during the preparation of the levorotatory ethyl 
p-toluenesulphinate, being made up of 1 g. with «;, — 22-17° 
(J = 0-5) and 11-3 g. with «33,, — 18-32° (J = 0-5) (fraction V; p. 2579). 
The /-8-octyl ester dissolved in absolute ethyl alcohol (75 c.c.) 
containing potassium acetate (9 g.) was heated under reflux on a 
steam-bath for 28 hours, and the solution poured into water. The 
oil which separated, after being extracted and dried in ether, was 
distilled at less than 0-1 mm. Until fraction I, b. p. up to 40° 
(l-B-octanol), had been removed, a high vacuum could not be 
obtained. Fraction I (2 g.) was followed by fractions IT (3-5 g.), 
b. p. 40—65°; III (2-2 g.), b.p. 70—94°; and IV (2:1 g.), b. p. 
94—100°. 

Fraction I, after two redistillations, had «3° — 8-06° (J = 1-0), a 
value almost identical with that of the l-alcohol with which this 
series of experiments was commenced. 

The succeeding fractions II, III, and IV were refractionated 
at a low pressure. The first fraction thus obtained, b. p. up to 65°, 
was carefully redistilled, and the first few drops of distillate were 
neglected. The main portion of the distillate (2 g.), b. p. 60—61°, 
had n° 1-5309 and 025, +0-46 (1 = 0-5). 0-6072 required 0-1849 
of potassium hydroxide for complete hydrolysis (Theory, 0-1850). 
It was therefore dextrorotatory ethyl p-toluenesulphinate. 

The second fraction (2 g.), b. p. 65—100°, was obviously a mixture, 
but it was followed by the last fraction (2-5 g.), b. p. 100—106°, 
with n®* 1-5082 and «2;, — 31-11° (1 = 0-5). This was levorotatory 
8-octyl p-toluenesulphinate, not of a high degree of purity, but 
possessing a much higher rotatory power than the I-sulphinate with 
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which this experiment was commenced. It is considered that it 
was produced.during the separation of the mixture of dextrorotatory 
ethyl ester and /-8-octanol and did not arise owing to incomplete 
hydrolysis of the original levorotatory 8-octyl »-toluenesulphinate 
(compare the results of the experiment which follows). 

(ii) From 1-menthyl 1 + dl-p-toluenesulphinate. 1-Menthyl 1 + dl- 
p-toluenesulphinate (m. p. 108—109°; [«]}i;, — 239-9° in acetone, 
c = 2-609, 1 = 2-0) (27-2 g.) was heated under reflux for 60 hours 
with potassium acetate (18 g.) in absolute ethyl alcohol (250 c.c.). 
The reaction mixture was poured into water (1000 c.c.) and the 
crystals which separated from the oil were filtered off and washed 
with water. The oil which separated from the aqueous filtrate 
was isolated, washed and dried in ether, and fractionated at less 
than 0-1 mm., giving fractions I (4 g.), b. p. up to 60°; II (0-5 g.), 
III (4 g.), b. p. 65—72°; and leaving a black residue (about 1 g.) 
which solidified on cooling 

Fraction I solidified to a white, crystalline solid, m. p. 42°, with 
[«].s93 — 48°8° in ethyl-alcoholic solution (c = 5-064, 1 = 2-0) and was 
therefore l-menthol. The original menthol from which the p-toluene- 
sulphinate was prepared had [«],., —49-46° under the same 
experimental conditions. 

Fraction III had n#° 1-5292 and a%;, + 7-37° (1 = 0-5). It was 
therefore impure dextrorotatory ethyl p-toluenesulphinate. After 
refractionation, it weighed 2-8 g., had b. p. 65°/<0-1 mm., 
n* 1-5306, and «2%, + 827° (1=0-5). A further redistillation 
completed its purification, dextrorotatory ethyl p-toluenesulphinate 
being obtained with nj" 1-5309 and «zi;, + 8-28° (1 = 0-5). 

The crystals, /-menthyl / + dl-p-toluenesulphinate, which had 
been recovered by filtration of the diluted reaction mixture, were 
recrystallised from acetone. The first crop of crystals (8 g.), 
m. p. 108—109°, had [«]}7;, — 241-9° in acetone (c = 2-751, 1 = 2-0). 
On dilution of the mother-liquor with water, a second crop of 
crystals (4 g.) was obtained, m. p. 107—108°, with [a]!%;, — 237-8 
in acetone (c = 2-670, 1 = 2-0). It cannot be assumed, therefore, 
that any preferential alcoholysis of the original /-menthyl 1 + dl-p- 
toluenesulphinate occurred. 

(iii) From dl-p-toluenesulphinyl chloride after it had been treated 
with half of its equivalent quantity of 1-8-octanol. To a solution of 
dl-p-toluenesulphinyl chloride (34-4 g.; 2 mols.) in light petroleum 
(75 c.c.) cooled in a freezing mixture, a solution of /-8-octanol 
(ap” — 8-04°; 7 = 1-0) (13 g.; 1 mol.) in pyridine (7-9 g.; 1 mol.) 
was added during 2} hours with agitation. At the end of } hour 
a solution of ethyl alcohol (9 g.) in pyridine (10 g.) was added, and 
the mixture, having stood for 12 hours, was washed three times with 
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water, twice with dilute hydrochloric acid, and twice again with 
water, and then dried over potassium carbonate. The solvent was 
removed, and the residual oil fractionated at less than 0:1 mm. 
It gave fractions I (11-7 g.), b. p. up to 84°, n° 1-5078, «2, — 1-74° 
(i= 1-0); II (3-7 g.), b. p. 84—90°, nF 1-5233, a3, + 1-83° (1 = 
0-5); III (11-5 g.), b. p. 9O—100°, n#° 1-5022, a3, — 15-08° (J = 0-5) ; 
IV (6-5 g.), b. p. 110—112°, n# 1-5044, a35, — 13-14° (J = 0-5), and 
left a black, tarry residue (3-5 g.). Fraction I was refractionated 
and gave fractions (a) (5-5 g.), n#° 1-5037, a4, — 352° (1 = 0-5); 
(b) (1:5 g.), n® 15202; and (c) (2:8 g.), nF; 15269, a33;, + 1-3° 
(I = 0-5). 

It appeared probable that fractions II, (b), and (c) were impure 
dextrorotatory ethyl p-toluenesulphinate. Seven days after they 
had been isolated, they were mixed and fractionated at a very low 
pressure. The mixture darkened rapidly, but gave fractions («) 
(1 g.), n° 1-5302, «255, — 0-05° (1 = 0-25), and (6) (3-2 g.), nd” 1-5299, 
33, — 0°13° (1 = 0-5), leaving a large, non-volatile residue. 

These results are consistent with the view that fractions II, 
(6), and (c) were mixtures of dextrorotatory ethyl p-toluenesul- 
phinate and levorotatory $-octyl p-toluenesulphinate, and that 
during their last distillation the dextrorotatory ethyl ester rac- 
emised, giving fractions («) and (8), which were presumably inactive 
ethyl p-toluenesulphinate contaminated with traces of the levo- 
rotatory B-octyl ester. 

That some preferential reaction on the part of the dl-p-toluene- 
sulphonyl chloride took place is probable, since the levorotatory 
8-octyl p-toluenesulphinate produced, fractions III and IV, com- 
bined and then redistilled, had n}° 1-5028 and a3;, — 15-21° (1 = 0-5), 
a value approximating to the rotatory power of the £-octyl ester 
obtained when /-8-octanol (1 mol.) preferentially reacts with ethyl 
dl-p-toluenesulphinate (2 mols.). 

Two attempts were made to repeat this experiment, but in each 
case the pure ethyl p-toluenesulphinate finally isolated was inactive, 
although the distillation was not interrupted and was unattended 
by excessive charring of the fractions on redistillation. Indeed, 
the rotatory powers of the various fractions obtained gave no 
indication of any preferential reaction of the dl-p-toluenesulphony]! 
chloride with the /-$-octanol. Especially was this true of the 
levorotatory $-octyl p-toluenesulphinate isolated (completely) 
in one of the experiments, for its rotatory power was «3j;, — 24-5° 
(1 = 1-0), approximating to that of the 8-octyl ester obtained by the 
interaction of /-8-octanol (1 mol.) and ethyl dl-p-toluenesulphinate 
(1 mol.). 

(d) Levorotatory p-Toluenesulphinanilide—(i) From dl-p-toluene- 
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sulphinyl chloride after it had been treated with half its equivalent 
quantity of 1-8-octanol. p-Toluenesulphinyl chloride (34-4 g.; 
2 mols.) in ether (150 c.c.) was treated as described in the preceding 
experiment with a solution of 1-6-octanol (a? — 8-04°; 1 = 1-0) 
(13 g.; 1 mol.) in pyridine (7-9 g.); to the resulting mixture, aniline 
(19 g.) was added. After 12 hours, the crystals formed were filtered 
off, washed with water (to dissolve the hydrochlorides of pyridine 
and aniline), pressed on a porous plate, and recrystallised from 
aqueous ethyl alcohol. p-Toluenesulphinanilide was thus obtained 
in nacreous plates, m. p. 134° (Braun and Kaiser, loc. cit., give 
m. p. 138°), [«]}#;, —1-1° in chloroform (c = 5-000, 1 = 2-0), and 
[a}iis — 0-65° in pyridine (c = 4-669, 1 = 2-0) (Found: N, 6-2%. 
Calc., N, 6-1). 

(ii) From dl-p-toluenesulphinyl chloride after it had been treated 
with half its equivalent quantity of 1-menthol. To p-toluenesulphinyl 
chloride (17-2 g.; 2 mols.) a solution of /-menthol (7-8 g.; 1 mol.) 
in pyridine (11-7 g.; 2 mols.) was slowly added during 3 hours. 
After the addition of aniline (10 g.), the mixture was kept for 12 
hours, water was then added, the aqueous mixture filtered, and the 
crystals thus isolated (a mixture of levorotatory menthyl p-toluene- 
sulphinate and p-toluenesulphinanilide), after they had been washed 
with water, dilute hydrochloric acid and then again with water, 
were treated with ether (50 c.c.) to dissolve the levorotatory 
menthyl p-toluenesulphinate. The ethereal extract was filtered, 
and the almost insoluble p-toluenesulphinanilide obtained, having 
been washed with a further 10 c.c. of ether, was dried, and recrys- 
tallised from benzene; it then had [«]%;, —1-29° in chloroform 
(c = 5-400, 7 = 2-0). 


Conversion of Levorotatory Ethyl p-Toluenesulphinate (Ethyl 1 +- 
dl-p-T'oluenesulphinate) into Dextrorotatory n-Butyl p-Toluene- 
sulphinate (n-Butyl d + dl-p-Toluenesulphinaie). 

Levorotatory ethyl p-toluenesulphinate («fj;, — 2-91°; 1 = 0-5) 
(14-5 g.), prepared as previously described, was warmed gently 
under reflux with n-butyl alcohol (5-8 g.) for 18 hours, the apparatus 
being evacuated tol15mm. On fractional distillation of the product 
at less than 0-1 mm., two fractions were obtained: I (10-7 g.), 
b. p. 85—86°, ni#* 1-5259, o2%, —0-39° (1 = 1-0); and II (1-9 g.), 
b. p. 85—86°, n° 1-5159, and o2%;, + 0-08° (1 = 0-25). 

Fraction II was pure n-butyl p-toluenesulphinate. Fraction 
I was a mixture of the ethyl and n-butyl esters and was 
refractionated twice, giving finally fractions (a), 3-0 g., b. p. 
66—72°, n®* 1-5296, «35;, — 0-33° (1 = 0-5); (6), 1-8 g., b. p. 72—74°, 
ni) 1-5286, a3;, — 0-18° (J = 0-5), and (c), 1-7 g., n%” 1-5238, — 0-03° 
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(1 = 0-25). Fraction (c) was redistilled and gave 1 g., n%” 1-5207. 
This was therefore almost pure n-butyl] p-toluenesulphinate. It had 
aster + 0-05 (1 = 0-25). 


Reactions of the p-Toluenesulphonic Esters of 1-Menthol and of 
1-8-Octanol. 


Conversion of 1-Menthol into d-neoMenthol.—l-Menthyl p-toluene- 
sulphonate (compare Hilditch, loc. cit.) was prepared as required 
by the addition of finely ground p-toluenesulphony] chloride (1 mol.) 
to an ice-cold solution of /-menthol (1 mol.) in pyridine (1-25 mols.). 
The mixture was shaken until homogeneous and after 12 hours set 
to a hard, crystalline mass, which was crushed, extracted with water, 
dried, and recrystallised from ethyl alcohol. It then had m. p. 
96° and [«];s0; — 70-16° in chloroform (c = 2-620, 1 = 2-0). 

Reaction between 1-Menthyl p-Toluenesulphonate and Glacial 
Acetic Acid.—A solution of the l-sulphonate (150 g.) in the acid 
(200 c.c.) was warmed gently on a water-bath for 12 hours. The 
product was neutralised with a dilute solution of potassium carbonate 
and the oil which separated was extracted with ether. The mixture 
of menthene and menthy!] acetates obtained, after removal of the 
ether from this ethereal extract, was refluxed with alcoholic sodium 
hydroxide, and the liberated menthols were isolated in a current of 
steam. They were heated with phthalic anhydride (80 g.) at 110° 
for 15 hours, and the mixture of menthene and menthyl hydrogen 
phthalates thus obtained was poured into a dilute sodium carbonate 
solution. The menthene was extracted from this solution with ether, 
and was isolated from the dried ethereal extract as a colourless 
oil, b. p. 64—65°/18 mm., di" 0-8185, n#" 1-4540, and a} + 16-58° 
(1 = 1-0). (Henderson and Boyd, J., 1911, 99, 2159, give dz}: 0-8180, 
My 1-4536, for A®-menthene. The menthene obtained, therefore, 
was in all probability that hydrocarbon.) 

The hydrogen phthalic esters were recovered from the acidified 
sodium carbonate solution and had [a]) — 62-6° (c = 5-107, 1 = 2-0) 
in chloroform solution. Pure /-menthyl hydrogen phthalate under 
the same experimental conditions has [«]) — 91-40° (Pickard and 
Littlebury, loc. cit.). 

It was presumed that the mixture of hydrogen phthalic esters 
obtained was a mixture of those of J-menthol and d-neomenthol. A 
partial separation was effected by precipitating the bulk of the 
l-menthyl hydrogen phthalate as its magnesium salt by the addition 
of magnesium sulphate solution to a neutral solution of the sodium 
salts of the esters. The magnesium salt obtained was filtered off, 
recrystallised from aqueous ethyl alcohol, and reconverted into the 
hydrogen phthalic ester, which was further purified by recrystallis- 
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ation from acetic acid. When dry, the ester thus obtained had 
m. p. 110—112° and [a], — 91-90° in chloroform (c = 5-362, 1 = 2-0). 
It was therefore pure /-menthyl hydrogen phthalate. 

The remaining phthalic esters were precipitated as zinc salts 
by addition of zinc chloride to the filtrate from the magnesium 
l-menthyl phthalate. The zinc salts were dissolved in acetic acid 
and reprecipitated, by the addition of water, as hydrogen phthalic 
esters, which when dry had m. p. 139—142° and [«]p + 14-60° in 
chloroform (c = 2-532, 1 = 2-0). 

It was considered impossible to purify satisfactorily the small 
quantity of d-neomenthyl hydrogen phthalate obtained, and there- 
fore the following steps were taken to prove that only the hydrogen 
phthalates of J-menthol and of d-neomenthol were present in the 
original mixture. 

With the exception of the pure /-menthyl hydrogen phthalate which 
had been isolated, the whole of the phthalic esters originally 
obtained were recovered, hydrolysed by refluxing them with an 
alcoholic solution of potassium hydroxide, and the liberated 
menthols were isolated in a current of steam. When redistilled, 
they had b. p. 103—107°/17 mm., n¥?* 1-4603, and ai?” — 28-94° 
(1 = 1-0) (Pickard and Littlebury, Joc. cit., p. 122, record n}" 1-4603 
and [«], -++- 19-69° for d-neomenthol). 

The mixture of menthols thus obtained was oxidised by the 
method of Beckmann (Annalen, 1889, 250, 325). The menthone 
produced had b. p. 89—91°/16 mm., aj’ — 5-44° (J = 0-25), 
d’ 0-869, whence [«]?” — 24-28° (Pickard and Littlebury, loc. cit., 
p. 124, state that /-menthol and d-neomenthol alone when oxidised 
by the above method give J-menthone of rotatory power between 
[«]p — 23-3° and [a]p — 29-10°). 

By shaking the /-menthone obtained with an aqueous methyl- 
alcoholic solution of equivalent proportions of semicarbazide hydro- 
chloride and potassium acetate, its semicarbazone was produced 
which, after drying, had m. p. 186—188° (Pickard and Littlebury, 
loc. cit., give m. p. 189° for the semicarbazone of pure /-menthone). 

It was thus proved that only two menthols were produced, giving 
hydrogen phthalic esters of opposite sign of rotatory power, and 
since they both gave /-methone on oxidation they were /-menthol 
and d-neomenthol, respectively. 

Reaction between 1-Menthyl p-Toluenesulphonate and Ammonium 
Acetate—A mixture of the /-ester (15-5 g.) and ammonium acetate 
(38-5 g.) was heated with occasional shaking for 96 hours at 110°, 
and then distilled with steam. The product isolated from the 
distillate with ether, on distillation, gave fraction I (3 g.), b. p. 
60—64°/17 mm., which was a menthene, and fraction a (1 g.), 
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b. p. 105—107°/17 mm., which was d-neomenthol (containing some 
l-menthol) with oi} + 2-5° (1 = 0-25). It readily gave a phenyl- 
carbamate which, after recrystallisation from methyl alcohol, had 
m. p. 104°. 

Interconversion of the Enantiomorphously related -Octanols. 
1-8-Octyl p-T'oluenesulphonate.—Levorotatory 8-octyl p-toluene- 
sulphinate («i$ — 9-64°; 1 = 1-0) (16 g., prepared by the interaction 
of 1-8-octanol, «i — 8-04° [1 = 1-0] and p-toluenesulphiny] chloride 
in presence of pyridine) was dissolved in acetone (120 c.c.), and 
a solution of magnesium sulphate (10 g.) in water (50 c.c.) added. 
The mixture was vigorously stirred during the addition of finely 
divided potassium permanganate (10 g.). The solution, now perma- 
nently coloured, was diluted with water, and sulphur dioxide passed 
into the solution until the manganese mud had just dissolved. It 
was then cooled, extracted with ether, the ethereal extract dried 
over potassium carbonate, and the ether removed by distillation. 
l-8-Octyl p-toluenesulphonate (14 g.) was thus obtained as a colour- 
less oil which showed no tendency to crystallise even when cooled 
in liquid air. It had «\§° — 6-78°, and decomposed rapidly when 
heated at 110°/0-1 mm. 

Reaction between 1-8-Octyl p-Toluenesulphonate and Potassium 
Acetate in Ethyl-alcoholic Solution.—The l-ester (14 g.; «3° — 6-78°) 
was added to absolute ethyl alcohol (75 c.c.) containing freshly 
fused potassium acetate (9-8 g.). After 17 hours’ heating under 
reflux, the reaction mixture was poured into water and the oil 
which separated isolated with ether in the usual manner. On 
distillation, a small fraction was obtained below 82°/17 mm. which 
was unsaturated, and after the main fraction (5 g.), b. p. 82—92°/17 
mm., had distilled, only a small, gummy residue remained. After 
three refractionations of the main fraction, d-B-octyl acetate (1-5 g.) 
was obtained the rotatory power of which was unaltered by sub- 
sequent redistillation. It had di! 0-8619, ni?" 1-4168, and aij” — 5-64° 
(1 = 1-0) (compare Part V, loc. cit., and p. 2565 of this paper). 

Reaction between d-8-Octyl p-Tolwenesulphonate and Potassium 
Benzoate in Ethyl-alcoholic Solution —The d-ester (3° + 7-30°; 
1 = 1-0) (25 g.; obtained by the oxidation of a p-toluenesulphinate 
of d-8-octanol, with «i> + 18-18° [2 = 1-0]), and potassium benzoate 
(28 g.) in absolute ethyl alcohol (123 c.c.) were heated under reflux 
for 12 hours, and the products isolated as previously described. 
On distillation, two fractions were obtained: I (6 g.), b. p. 74— 
83°/19 mm.; II (5 g.), b. p. 83—170°/19 mm. 

Fraction I was crude /-8-octyl ethyl ether. It was heated with 
phthalic anhydride (10 g.) at 110° for 15 hours, and the resulting 
mixture poured into a dilute solution of sodium carbonate. When all 
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the solid matter had dissolved, this solution was extracted with ether, 
and from the dried extract the /--octyl ethyl ether (now free from 
traces of 8-octanol) was regained and fractionated until further 
redistillation left its rotatory power unchanged. It then had b. p. 
73—74°/17 mm., d" 0-7836, n2;, 1-4081, 243" 1-4099, and az” — 14-08°, 
asic, — 16-64° and «23, — 26-92° (J = 1-0). 

(These values are somewhat higher than those given in Part XIV, 
J., 1923, 123, 14, where the /-8-octyl ether described was prepared 
directly from /-8-octanol, and should therefore be compared with 
the values obtained for the d-8-octyl ethyl ether prepared as described 
below.) 

Fraction II was 1-8-octyl benzoate. It was refractionated four 
times; its rotatory power then could not be changed by further 
redistillation. (The small increases in its rotatory power produced 
during the preliminary fractionations were attributable to purifi- 
cation; no evidence of the separation of the ester into two forms 
with different rotatory powers could be obtained.) The /-8-octyl 
benzoate obtained had b. p. 168°/18 mm., d?" 0-9679, n}" 1-4864, and 
a. — 28-70° (compare Part XII, J., 1915, 107, 121). By hydrolysis 
with alcoholic sodium hydroxide, /-8-octanol was obtained with 
ay — 6-96° (1 = 1-0). 

d-8-Octyl Ethyl Ether.—d-B-Octanol («jf — 8-10°; 1 = 1-0) (7 g.) 
was added to powdered potassium (1-9 g.) in ether (100 c.c.). After 
dissolution of the potassium, ethyl p-toluenesulphonate (15 g.) was 
added in small quantities, and after 12 hours, the mixture was 
refluxed for 3 hours. The reaction mixture was then distilled in 
steam, and the crude d-f-octyl ethyl ether isolated in the usual 
manner and heated with phthalic anhydride (15 g.) as previously 
described. The purified d-8-octyl ethyl ether was redistilled until 
of constant rotatory power, when it had b. p. 73—74°/17 mm., 
d 07838, n° 1-4095, n2%,1-4105 and o23° + 15-38, a23° + 18-08, 
a2 4 33-36° (1 = 1-0). 

It is possible that this d-8-octyl ethyl ether thus prepared was 
optically impure, since the use of ethyl p-toluenesulphonate as 
an alkylating agent may lead to loss of rotatory power (Part XVII, 
loc. cit.). 
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CCCLV.—The Relation between Chemical Constitution 
and Pungency in Acid Amides. 


By Epwarp CHARLES SNELL JoNES and Frank LEE PyMaAn. 


THE constitution of piperine has long been known, and the dis- 
coveries of Nelson (J. Amer. Chem. Soc., 1919, 44, 1115) that 
capsaicin is a decenovanillylamide and of Asahina and Asano 
(J. Pharm. Soc. Japan, 1922, 85) that the reduction product of 
spilanthol, the pungent principle of para-cress, is n-decoisobuty]l- 
amide have aroused considerable interest in the connexion between 
chemical constitution and pungency in acid amides. 

Nelson (J. Amer. Chem. Soc., 1919, 44, 2121) prepared the 
vanillylamides of the normal fatty acids up to dodecoic, and found 
that the pungency became pronounced with the n-hexo-derivative, 
increased up to the n-nono-derivative, and then diminished. He 
prepared also a few vanillylamides of aromatic and unsaturated 
aliphatic acids, of which the most important was A»-undeceno- 
vanillylamide. His estimate of the relative pungency of his more 
active vanillylamides was n-hexo 5, n-hepto 25, n-octo 75, n-nono 
100, n-deco 50, n-undeco 25, n-dodeco 25, and A»*-undeceno 25, as 
compared with capsaicin 100. 

Ott and Zimmermann (Annalen, 1921, 425, 314) prepared several 
vanillylamides and concluded from the fact that they found the 
vanillylamides of a number of unsaturated acids and especially 
oleovanillylamide to be very pungent whilst stearovanillylamide 
was tasteless, that pungency is associated with unsaturation in 
the acyl group. Their view, however, has been shown to be 
incorrect by Nelson and Dawson (J. Amer. Chem. Soc., 1923, 45, 
2179), who find that dihydrocapsaicin (7-methylnonovanillylamide) 
is just as pungent as capsaicin itself, which they showed to have 
the constitution of »-methy]-A:-nonenovanillylamide. 

Nelson did not study the effect of varying the basic part of the 
molecule except that both he and Lapworth and Royle (J., 1919, 
115, 1109) state that the methyl ether of capsaicin is far less 
pungent than capsaicin. Ott and Zimmermann, however, prepared 
and noted the pungency of the A»-undeceno-derivatives of benzyl- 
amide (tasteless) and its 4-methoxy- (tasteless) and 2- and 4-hydroxy- 
derivatives (fairly pungent, 4>2). 

Staudinger and Schneider (Ber., 1923, 56, 699) and Staudinger 
and Miiller (ibid., p. 711) studied the pungency of a series of piper- 
idides. They found the piperidides of aliphatic or purely aromatic 
acids to be only feebly pungent, whilst, in the pungency of the 
piperidides of the w-pheny! normal saturated fatty acids, a distinct 
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maximum effect was found, the 8-phenyl-n-valero-derivative being 
very pungent whilst y-phenyl-n-butyro- and _ e-phenyl-n-hexo- 
piperidides were only slightly pungent. The three 5-phenylpenteno- 
piperidides also were found to be very pungent, whilst y-phenyl- 
A’-isocrotonopiperidide was only feebly pungent. They therefore 
associated the pungency of piperidides with the skeleton rather 
than with the state of saturation of the acyl residue. 

The present work was started with the object of preparing 
substances exceeding capsaicin in pungency, and a number of 
acylbenzylamides have been made. The method mainly employed 
was that of Nelson, namely, the action of acyl chlorides upon 
benzylamines, but a number of vanillylamides have been prepared 
by a method due to Einhorn (Annalen, 1905, 343, 207), namely, 
the condensation of the N-methylol derivatives of acid amides with 
guaiacol. Einhorn did not determine the orientation of his con- 
densation products, but it is now shown that substitution took 
place in the para-position with respect to the hydroxy-group, since 
benzo-, chloroaceto-, and A»’-undeceno-vanillylamides have been 
made both by the action of the acid chloride upon vanillylamine 
and by the condensation of the N-methylol derivative of the acid 
amide with guaiacol. The formation of benzovanillylamide by 
the two methods is formulated below : 


OH OH OH 


Cu _, f )OMe <_ (( \OMe 
PA \Z / 

CH,-NH, + PhCOCl CH,NH:‘COPh -+ HO-CH,-NH-COPh 

After this result had been obtained, Bradner and Sherrill (U.S. 
Pat. 1503631 of 1924) recorded the formation of a pungent com- 
pound of undetermined constitution by the condensation of guaiacol 
with N-methylol-A»-undecenoamide. 

In the course of the present work, we have varied both the acyl 
and the amido-residue. In varying the first, we were interested 
to find out how far the predominance of m-nonovanillylamide 
amongst Nelson’s synthetic compounds was due to the length of 
the acyl residue and how far to its mass. From this point of view, 
we have prepared and examined the pungency of the vanillylamides 
of (1) a branched-chain nonoic acid, (2) a series of w-phenyl satur- 
ated fatty acids, and (3) a number of halogeno-acetic acids. The 
results were as follows: (1) «-isoPropyl-n-hexovanillylamide has only 
about 5% of the pungency of n-nonovanillylamide. (2) Whilst 
benzovanillylamide is faintly pungent and phenylacetovanillylamide 
non-pungent, §-phenylpropiovanillylamide has some 40% of the 
pungency of mn-nonovanillylamide and y-phenyl-n-butyro- and 
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3-phenyl-n-valero-vanillylamides are slightly more pungent. The 
latter results may be contrasted with Staudinger’s experiences with 
the piperidides, where a distinct maximum effect was experienced 
with the 5-phenyl-n-valero-derivative. It may be added here that 
the pungency of cinnamovanillylamide is trivial compared with 
that of its dihydro-derivative, 8-phenylpropiovanillylamide, and 
this result supports the opinion of Nelson and controverts that of 
Ott and Zimmermann as regards the effect of unsaturation on 
pungency. 

(3) The pungency of the mono-, di-, and tri-chloroacetovanillyl- 
amides and of bromo- and iodo-acetovanillylamides was only slight 
and of the same order. It therefore appears that the shape rather 
than the weight of the side-chain is the important factor in the 
matter of pungency. 

Experiments in which the acyl group—n-nonoyl or undecenoyl— 
remained constant, whilst the amido-residue was varied, largely 
bore out the conclusions of Ott and Zimmermann. Where no 
phenolic hydroxyl was present in the molecule, as in n-nono-3 : 4- 
methylenedioxybenzylamide and n-nono-4-methoxybenzylamide, no 
pungency was observed, whilst n-nono-4-hydroxybenzylamide had 
about 10% and A»-undeceno-4-hydroxybenzylamide about 30% of 
the pungency of n-nonovanillylamide. The introduction of a 
further hydroxy-group into the meta-positions in these compounds 
increases the pungency still further, for the n-nono- and A»-undeceno- 
3 : 4-dihydroxybenzylamides had respectively 25 and 50% of the 
pungency of n-nonovanillylamide. 

The relative pungency of these compounds was determined by 
Pearson’s method (Pharm. J., 1919, 103, 78), that is, by dilution 
of aqueous-alcoholic solutions with water until pungency was barely 
perceptible when a few drops of the solution were tasted. The 
results are to be regarded as only approximately quantitative, 
because of the variation in the kind of taste of the compounds as 
well as the difficulty of comparing the intensities of tastes of the 
same kind. Some of these compounds have a purely pungent 
taste, whilst the taste of others is a blend of flavour and pungency, 
and, further, the pungency itself varies from a crisp and transient 
sting to a dull, persistent, numbing burn. Thus at a dilution of 
1 in 500,000 n-nonovanillylamide causes an immediate crisp sting, 
free from flavour, the effects of which last for 2 minutes, Ae-undeceno- 
vanillylamide produces a dull numbing burn which takes two or 
three seconds to develop and persists for 8 minutes, and has also 
an inky flavour, whilst capsaicin rapidly produces a vigorous burn 
lasting 6 minutes, and has also a flavour. On further dilutions to 
1 in 5,000,000, the pungency of n-nonovanillylamide is barely 
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perceptible, whilst that of A»-undecenovanillylamide and capsaicin 
is still faint, and therefore we regard these two compounds as 
rather more pungent than n-nonovanillylamide, whereas Nelson, 
who also comments on the varying character of the pungencies of 
these compounds, regards n-nonovanillylamide as being four times 
as pungent as A»-undecenovanillylamide. 


EXPERIMENTAL. 


Preparation of Acylbenzylamides by WNelson’s Method.—The 
following general method was employed for the preparation of 
acylbenzylamides other than the halogeno-acetovanillylamides. 
The acid chloride (1 mol.) was added gradually to a solution or 
suspension of the dry amine (2 mols.) in sodium-dried ether, and 
the mixture was kept for 1 or 2 days with occasional shaking. 
The reaction product was extracted with 3% hydrochloric acid to 
remove the unchanged amine, and in the case of the sparingly 
soluble benzo-, phenylaceto-, cinnamo-, and «$-dichloro-6-phenyl- 
propio-vanillylamides the bulk of the acid amide was filtered off at 
this point. In the other cases, the ethereal solution was extracted 
with aqueous sodium carbonate to decompose unchanged acid 
chloride and to remove the acid; it then left, on distillation, the 
crude acid amide. Where the product contained a free phenolic 
hydroxyl group, however, it proved to be advantageous to extract 
it from the ethereal solution with aqueous sodium hydroxide, and 
after acidifying this solution to collect it by means of ether, thereby 
eliminating or hydrolysing any O-acyl derivative present. The 
products were finally crystallised from the solvents mentioned in 
the table on page 2593, and obtained in the yields stated there. 
We attribute the higher melting points of our preparations of nono- 
and undeceno-vanillylamides as compared with Nelson’s, in part 
to the extraction with sodium hydroxide mentioned above, and in 
part to the fact that we dried vanillylamine in a vacuum over 
sulphuric acid, whilst Nelson dried it at 110°. This difference in 
procedure is important, for vanillylamine suffers decomposition 
when heated with water at 100°, as Nelson has pointed out. 

In the case of chloroacetovanillylamide, where the above method 
could not be employed owing to the solubility of this substance in 
aqueous vanillylamine hydrochloride, and its sparing solubility in 
solvents immiscible with water, the following procedure was adopted. 
To anhydrous vanillylamine (20 g.) suspended in dry ether chloro- 
acetyl chloride (7-4 g.) was added drop by drop. After the vigorous 
reaction was complete the ether was removed by distillation, and 
the acid amide collected by prolonged extraction with hot chloro- 
form. Dichloro- and monobromo-acetovanillylamides were isolated 
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similarly, but whilst dichloroacetyl chloride reacted immediately 
and vigorously with vanillylamine, the reaction between bromo- 
acetyl bromide and the amine was very sluggish, and gave only a 
28% yield after keeping for 3 weeks. Attempts to improve the 
yield by heating bromoacetyl bromide and vanillylamine with 
benzene, xylene, or ether in the presence of pyridine were unsuc- 
cessful. 

Trichloroacetovanillylamide was obtained by adding trichloro- 
acetic anhydride (20-2 g.) to anhydrous vanillylamine (20 g.) 
suspended in dry ether, regulating the reaction by cooling, removing 
vanillylamine trichloroacetate by filtration, and washing the 
ethereal solution with aqueous sodium carbonate, when it remained 
after. removing the solvent. 

Iodoacetovanillylamide was prepared in theoretical yield by 
boiling chloroacetovanillylamide with sodium iodide in acetone 
solution for } hour. Dichloroacetovanillylamide did not react with 
sodium iodide under these conditions, but the solution deposited 
sodium chloride after several hours at 120°. No sodium chloride 
was deposited after heating trichloroacetovanillylamide with sodium 
iodide in acetone solution for 10 hours at 150°. 

Properties of the Acylbenzylamides.— The acylbenzylamides 
described below are colourless, except iodoaceto- and 8-p-nitro- 
phenylpropio-vanillylamides, which are straw-coloured, and nono- 
and undeceno-3 : 4-dihydroxybenzylamides, which could not be 
obtained free from brown colour. The monohalogenoaceto- 
vanillylamides are moderately easily soluble in hot water, the 
remainder being almost insoluble. 

The vanillylamides of benzoic, phenylacetic, cinnamic, and the 
halogenated acids (except trichloroacetic) are sparingly soluble in 
ether, and generally less soluble in the usual organic solvents than 
the remaining acid amides. 

Particulars of the individual compounds are given in the tables 
on pages 2593-5. 

Substituted Benzylamines.—These are prepared usually by the 
reduction of substituted benzaldoximes by means of sodium amalgam 
and glacial acetic acid in alcohol at about 60°. 

Nelson (Joc. cit.) prepared vanillylamine from vanillinoxime in 
_ this way in an average yield of 65%, but Ott and Zimmermann 
(loc. cit.) failed to confirm this yield even approximately. We find 
that reduction by this means is best conducted below 30°, when 
good yields are obtained, the yield of vanillylamine from vanillin- 
oxime being 75—80%, that of 3: 4-methylenedioxybenzylamine 
from piperonaldoxime 92%, and that of anisylamine from anisald- 
oxime 80%. 
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Small quantities of the dibenzylamines, divanillylamine and 
dianisylamine, were obtained as by-products of the reduction of 
the corresponding oximes, just as in the reduction of veratraldoxime 
(Riigheimer and Schén, Ber., 1908, 41, 17) and of benzaldoxime 
(Paal and Gerum, Ber., 1909, 42, 1553). 

Vanillylamine hydrochloride melted at 227° (corr.) and gave 
with sodium hydroxide (1 mol.) the free base, which contained 
2H,0. After drying over sulphuric acid, it melted at 145—146° 
(corr.). Nelson gives the m. p. of the dry substance as 131—133°, 
but it appears from the context that he dried it at 110°. 

Divanillylamine hydrochloride, m. p. 244° (corr.), may be purified 
by crystallisation from water, in which it is much less readily soluble 
than vanillylamine hydrochloride (Found: C, 58-8; H, 6:3. 
C,,H,,0,N,HCl requires C, 58-9; H, 6-2%). 

On the addition of the equivalent quantity of sodium hydroxide 
to its concentrated aqueous solution, divanillylamine was deposited 
in fine needles, which, after dehydration over sulphuric acid, melted 
at 92° and decomposed at 104° (corr.) (Found: C, 66-3; H, 6-8. 
C,,H,,0,N requires C, 66-4; H, 6-6%). 

Piperonylamine hydrochloride melted at 247° (corr.). Mannich 
and Kuphal (Ber., 1912, 45, 318) give 227° (not sharp). 

Anisylamine hydrochloride melted at 244° (corr.). Tiffeneau 
(Bull. Soc. chim., 1911, 9, 819) gives 240—241°. 

In its preparation, the sparingly soluble dianisylamine hydro- 
chloride was obtained as a by-product (Found: C, 65-5; H, 6-9. 
Calc., C, 65-4; H, 6-9%). This salt had m. p. 255° (corr.) and the 
base 34° (corr.); Steinhart (Annalen, 1887, 241, 233) gives 243° 
and 34°, respectively. 

p-Hydroxybenzylamine melted at 109° (corr.) after dehydration 
in a vacuum; Salkowski (Ber., 1889, 22, 2142) states that it melts 
in its water of crystallisation at about 95°. 

3 : 4-Dihydroxybenzylamine hydrochloride is obtained in almost 
theoretical yield by heating vanillylamine hydrochloride (10 g.) 
with hydrochloric acid (20 c.c. conc.) for 5 hours at 140°. On the 
addition of slightly less than one equivalent of sodium hydroxide 
to its concentrated aqueous solution, in an atmosphere of hydrogen, 
3 : 4-dihydroxybenzylamine is deposited in brown, sandy, anhydrous 
crystals, m. p. 158° (corr.; decomp.) (Found: C, 60-1; H, 6-7. 
C,H,O,N requires C, 60-4; H, 65%). 

The Acids.—«-isoPropyl-n-hexoic acid. A mixture of ethyl 
isopropylmalonate (1 mol.), n-butyl bromide (1 mol.), and sodium 
ethoxide (1 mol.) in absolute alcohol was kept for several hours, 
and then boiled for 1 hour under reflux. The product was isolated 
in the usual way, and hydrolysed with alcoholic potash, when 
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isopropyl-n-butylmalonic acid was obtained in good yield. It formed 
hard prisms from absolute alcohol, m. p. 105° (corr.) (Found : 
C, 59-1; H, 9-0. CyoH,,0, requires C, 59-4; H, 9-0%). 

On distillation, it gave «-isopropyl-n-hexoic acid as an oil, b. p. 
220—225°, in a yield amounting to 77%, of the theoretical calculated 
upon the ethyl tsopropylmalonate used. 

On treatment with phosphorus pentachloride (1 mol.) in chloro- 
form, it gave the acid chloride, b. p. 155—158°, which gave with 
ammonia «-isopropyl-n-hexoamide, small, fatty plates from chloro- 
form, m. p. 93° (corr.) (Found : C, 68-5; H, 12:2. C,H,,ON requires 
C, 68-7; H, 12-2%). 

Undecenoic acid is obtained together with heptaldehyde by 
distilling castor oil under diminished pressure. The process was 
first described by Krafft (Ber., 1877, 10, 2034), whilst Becker (Ber., 
1878, 11, 1412) states that the yield is about 10%, and Leeds (Ber., 
1883, 16, 290) that the distillation is conducted under a pressure of 
100mm. Ott and Zimmermann (loc. cit.) obtained a greatly improved 
yield by distilling the oil through a red hot platinum spiral under 
1 mm., cooling the receiver to — 80°, but these elaborate precautions 
are quite unnecessary, for a good yield may be obtained as follows. 

Castor oil (300 g. B.P. quality) is distilled under 10 mm., the 
receiver being cooled to — 8°. Distillation begins when the 
temperature of the liquid reaches 293°, and this temperature remains 
stationary, whilst the temperature of the vapour rises from 140— 
175°. The rate of heating is controlled so that the temperature of 
the vapour does not exceed 175°. After about 24 hours, distillation 
ceases, and the distillate is redistilled under 10 mm., heptaldehyde 
is collected at 45° and undecenoic acid at 150—170°. Yield 67 g. = 
22:3% by weight of the oil. 

3-Phenyl-n-valeric acid may be prepared readily as follows: 
y-Phenyl-n-propyl alcohol (20 g.) is converted quantitatively into 
y-phenyl-n-propyl bromide by the method of Rupe and Biirgin 
(Ber., 1910, 43, 178) by means of phosphorus tribromide when 27 g. 
of the latter (in place of 20 g. as given by these authors) are 
employed. y-Phenyl-n-propyl bromide (20 g.) was heated for 
1 hour with the sodio-derivative of ethyl malonate (16 g.) in alcohol, 
and gave ethyl y-phenyl-n-propylmalonate, b. p. 198°/10 mm.; 
yield 70%. This gave on hydrolysis y-phenyl-n-propylmalonic acid, 
hard prisms from alcohol, m. p. 95° (corr.), which lost carbon dioxide 
at 160—170°, leaving 8-phenyl-n-valeric acid, m. p. 58°. 

Preparation of Acylbenzylamides by Einhorn’s Method.—Guaiacol 
and N-methylolbenzamide gave on condensation by Einhorn’s 
method (loc. cit., p. 235) a substance, m. p. 144—145° (corr.), in a 
yield of 27% (Einhorn gives m. p. 148° and yield not greater than 
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25%) which was identical (by the mixed melting-point method) 
with benzovanillylamide prepared by Nelson’s method. N-Methylol- 
benzamide is best purified by crystallisation from chloroform ; 
it then melts at 104° (Einhorn, 104—106°). We were unable to 
purify the substance by crystallisation from dilute alcohol, the 
method used by Einhorn. 

Guaiacol and N-methylolchloroacetamide gave on condensation 
by Einhorn’s method (oc. cit., p. 292) a substance, m. p. 119—122° 
(corr.) (Einhorn, m. p. 116—119°), which was identical (by the 
mixed melting-point method) with chloroacetovanillylamide pre- 
pared by Nelson’s method. 

Guaiacol and N-methylolundecenoamide gave similarly a crude 
undecenovanillylamide, which was recognised as such by acetyl- 
ation and isolation of O-aceto-N-undecenovanillylamide, needles 
from alcohol, m. p. 88° (corr.) (Found : C, 69-6; H, 8-6. C,,H,,0,N 
requires C, 69-5; H, 8-6%), which proved to be identical (by the 
mixed melting-point method) with the product of acetylation of 
undecenovanillylamide. 

N-Methylol-A»-undecenoamide.—Five grams of undecenoamide, 
m. p. 87° (corr.) (Aschan, Ber., 1898, 33, 2349, gives 84-5—85-5°), 
formaldehyde (2-5 g. of 40% solution), and potassium carbonate 
(0-2 g.) in water (10 c.c.) are warmed and thoroughly mixed until the 
solution becomes clear. After keeping for 2 days, the separated 
crude N-methylolundecenoamide, m. p. 74—76°, is collected (yield 
96%). It is recrystallised from acetone, the first crop, containing 
some unchanged undecenoamide, being rejected. The pure sub- 
stance melts at 77° (corr.) (Found: C, 67-4; H, 11-0. C,,H,.O.N 
requires C, 67-5; H, 10-9%). 

Mounicrpat CoLLEGE or TECHNOLOGY, 

UNIVERSITY OF MANCHESTER. [Received, August 28th, 1925.] 


CCCLVI.—The Equilibrium in the Systems Aluminium 
Sulphate-Copper Sulphate-Water and Aluminium 
Sulphate—Ferrous Sulphate-Water at 25°. 


By Vincent JosEPH OCCLESHAW. 


Tuis investigation was commenced to determine by means of a 
phase-rule study the conditions under which aluminium sulphate 
forms ‘‘ pseudo-alums,”’ Al,(SO,)3,M’’SO,,24H,0, with the sulphates 
of such bivalent metals as magnesium, zinc, copper, manganese, 
and iron. When a large part of the work had been carried out, 
Caven and Mitchell (this vol., p. 527) published their results for the 
systems aluminium sulphate—copper sulphate—water and aluminium 
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sulphate-manganous sulphate-water at 30°. As the author has 
no intention of investigating further systems of this type, the work 
so far completed is being described. 

Caven and Mitchell (loc. cit.) have shown that no double salt exists 
in the copper sulphate system at 30°. The double salt 
Al,(SO,)3,FeSO,,24H,O, called “ halotrichite ” or “ feather-alum,”’ 
is a naturally-occurring, so-called “ pseudo-alum,” having been 
found by Forchlamner as a volcanic efflorescence in Iceland. Patter- 
son (J., 1896, 69, 66) found a salt approximating in composition 
to the above formula in wool-bleaching chambers, and the salt was 
prepared in presence of a large excess of sulphuric acid by Klauer 
(Annalen, 1835, 14, 261). Wirth also (Z. angew. Chem., 1913, 26, 181), 
who made an incomplete study of the ferrous sulphate system, 


prepared this salt. 
EXPERIMENTAL. 


The aluminium sulphate was recrystallised before use. The 
copper sulphate and ferrous sulphate were “‘ guaranteed chemicals ” 
purchased from Messrs. Hopkin and Williams. Weighed quantities 
of the salts, which were more than sufficient to give saturated 
solutions, were placed with water in well-stoppered bottles in the 
case of the copper sulphate system and in hard glass tubes with 
tightly fitting rubber stoppers in the case of the ferrous sulphate 


system. These bottles and tubes were rotated in a thermostat 
regulated at 25° + 0-1° until equilibrium was attained. The water 
used for the ferrous sulphate system was boiled previously to 
remove dissolved air and cooled in a current of hydrogen. In this 
case the tubes were charged in an atmosphere of hydrogen and all 
air was replaced by hydrogen before they were closed. Oxidation 
of the ferrous sulphate and subsequent separation of ferric hydroxide 
were thus prevented, but when the ferrous sulphate content of the 
solutions was fairly high some difficulty was experienced in pre- 
venting oxidation. By commencing with solid salts and water, 
the amount of hydrolysis of aluminium sulphate, as noted by 
Britton (J., 1922, 121, 982), was so small that it could be neglected. 
Usually about a week elapsed before equilibrium was reached, but 
shaking was continued for a further period in all cases and a second 
analysis made. In both systems the resulting liquid phase was 
drawn quickly by suction through a cotton-wool filter into a warmed 
pipette and transferred to a weighing-bottle. The solid phase was 
drained by suction and the moist solid transferred to a weighing- 
bottle. After weighing, both liquid and solid phases were made 
up to known volumes with water and analysed. 

Copper sulphate was estimated iodometrically and aluminium 
sulphate calculated by difference after determination of the total 
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sulphate. Ferrous sulphate was estimated by means of perman- 
ganate and aluminium sulphate calculated as above. The sulphate 
estimation was carried out in hydrochloric acid solution as recom- 
mended by Moser and Kohn (Z. anorg. Chem., 1922, 122, 299) 
and by Britton (loc. cit.) when aluminium is present. Almost every 
result was duplicated. 

Fia. 1. 


H,0 


Vi NA 


awh 
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The results are expressed as g. per 100 g. of solution and “ rest ” 
respectively. 


Al,(SO,),-CuSO,-H,0. 
Solutions. Rests. 


Al,(SO,);- CuSO, _-#H,0. Al,(SO,)3- CuSO, 
27-80 ~— 72-20 a ~~ 
26-60 2-50 70-90 44-39 0-87 
25-66 3-75 70-59 41-28 1-58 
25-64 3-83 70:53 42-59 1-49 
24:86 5:18 69-96 32-62 18-92 
24-65 5-32 70-03 4:32 52-91 
24-32 5-36 70:32 3-42 56-56 
23-18 6-11 70-71 en oti 
18-83 8-18 72-99 3-14 57°19 
18-10 8-75 73°15 4:21 54-68 
13-05 11-33 75-62 3-12 54-41 

7:50 14-69 17°81 1-15 59-16 
3°79 16-59 79-62 0-65 61-55 
sone 18-49 81-51 ram = 
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These results are plotted in Fig. 1, from which it will be seen 
that there is no double-salt formation in the copper sulphate system. 


.  Al,(SO,)s-FeSO,-H,0. 
Solutions. Rests. 


o 7 
Al,(SO,);. FeSO, 4,0. Al,(SO,)3. FeSQ,. 

27-80 —_ 72:20 an a 
26-75 2-11 71-14 45-60 0-74 
25-64 3-85 70°51 45-24 1-31 
25:41 4:13 70-46 34-74 5-91 
25-21 4-19 70-60 30-15 9-07 
23-90 5:57 70°53 29:84 9-90 
23-45 6-28 70:27 29-25 10-56 
23-20 6-60 70-20 28-80 10-48 
22-64 7-12 70-24 27-28 9-95 
21-62 8-06 70:33 24-48 9-87 
20:80 9:36 69:84 28-88 13-11 
20:16 10-17 69-67 15-68 
19-37 10-60 69-98 2-09 
12-29 15-05 . 72-66 one 
11-51 15-57 72-89 0:70 

6-98 18-68 74-34 —e 

6-06 19-14 74-80 

_ 22-98 77-02 


\ aa va 
pe oy \Z \)> W A 


These results are plotted in Fig. 2, from which it will be - 
that in the ferrous sulphate system a double salt with composition 
corresponding to Al,(SO,);,FeSO,,24H,0 exists. 


/ 
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The results obtained for this system differ somewhat from those 
obtained by Wirth (loc. cit.). The area of existence of double salt 
is rather greater than that determined by him, and his solutions 
prove to be supersaturated when compared with the corresponding 
ones of Fig. 2. In trying to confirm his results, some of the solu- 
tions were shaken for periods varying from 2 to 8 weeks, but the 
results obtained were always in agreement with those given above 
within the range of experimental error. 

In Fig. 2, the line joining the point representing pure water and 
that representing the double salt Al,(SO,),,FeSO,,24H,O cuts the 
double-salt curve. Therefore it should be possible to crystallise 
the double salt from water. To test this deduction, which is in 
conflict with conclusions drawn by Wirth, a solution of equimolecular 
quantities of aluminium sulphate (22-2 g.) and ferrous sulphate 
(9-3 g.) in 30 c.c. of water (which had been previously boiled and 
cooled in a current of hydrogen) was kept in the thermostat at 25°. 
Dry, filtered air was drawn over the surface of the solution until 
sufficient solid separated out. This was sucked as dry as possible, 
washed with alcohol and then ether, and dried in air (Found: 
FeSO,, 16-4; SO,, 41-9. Al,(SO,)3,FeSO,,24H,O requires FeSOQ,, 
16-4; SO,, 41-5%). The salt so obtained appeared to consist of 
fine, white needles having a silky appearance which matted together, 
especially on filtration, to give a solid, not unlike asbestos in 
appearance. 


The author desires to express his thanks to Professor E. C. C. 
Baly, C.B.E., F.R.S., for granting facilities for carrying out this 
work, to Mr. D. M. Edwards, M.C., B.Sc., for the interest he has 
taken in it, and to Professor R. M. Caven, D.Sc. 
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CCCLVII.—The Effect of Gum Arabic and other 
Emulsifiers on the Acid Hydrolysis of Esters in 
Heterogeneous Systems. 


By Rosert CHRISTIE SMITH. 


INVESTIGATIONS of the hydrolysis of methyl acetate in a homo- 
geneous system containing agar-agar (Reformatsky, Z. physikal. 
Chem., 1891, 7, 34), gum arabic (Pearce and O’Leary, J. Physical 
Chem., 1924, 28, 51; compare, however, Shukov and Stschoukarev, 
ibid., 1925, 29, 285), or gelatin (Callow, Trans. Faraday Soc., 1915, 
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11, 55) seemed to show that the presence of the colloid had little 
or no effect on the rate of hydrolysis. 

The hydrolysis taking place in a heterogeneous system, the 
reactants being distributed between two immiscible phases, in 
presence of such substances as gums and other emulsifiers has now 
been studied. 

The predictions of theory for a heterogeneous reaction have 
already been confirmed by Goldschmidt and Messerschmitt (Z. 
physikal. Chem., 1899, 31, 235), but it is possible that in presence 
of emulsifying agents some deviation may occur. Haworth and 
Lapworth (J., 1921, 119, 765), in the reduction of nitro-compounds 
by aqueous ammonium sulphide, obtained an increased yield by 
emulsifying. As, however, the emulsifier might have acted as a 
catalyst, care must be exercised in drawing conclusions from their 
results. The experiments of the author show that some emulsifiers 
do expedite certain heterogeneous reactions and that their action is 
not catalytic. For example, the rate of hydrolysis of ethyl acetate 
in hydrochloric acid was 0-00562 c.c. (of N-solution) per minute 
in the absence of gum tragacanth and 0-00482 in its presence, 
whereas, in a heterogeneous system, the rate in presence of the gum 
was very nearly doubled. Had the effect of the gum tragacanth 
been partly catalytic the rate of hydrolysis of the ester in homo- 
geneous solution also should have increased. Similarly with 
dammar; in its presence, the rate increased in the heterogeneous 
system, but declined to 0-00434 in the homogeneous system. 

The reaction chosen first for study was the hydrolysis of ethyl 
acetate, dissolved in benzene, by hydrochloric acid in presence of 
the following emulsifiers at concentrations ranging from 0-01% to 
10%: Gums, etc.—arabic, tragacanth, copal, dammar, mastic, 
sandarac, gelatin, isinglass, soluble starch—Solids—lamp black, 
blood charcoal, kaolin, fuller’s earth, pumice, gypsum, barium 
sulphate, sulphur. 

In the case of the solids, irrespective of their solubility in water 
and benzene, the rate of hydrolysis varied but slightly, being some- 
times above and sometimes below the normal value; for sulphur, 
it increased at first and then diminished. In no case, however, did 
the deviation from the normal rate exceed 15%. 

In the case of the gums, some striking results were obtained, 
especially with tragacanth and dammar, the normal rate being 
increased one and a half times by the latter, and being more than 
doubled by the former, at a concentration of 1%. With 0-1% 
arabic, a slight increase was noticed, but the rate became slower 
with increasing concentration. The rate was diminished by gelatin 
and isinglass, not appreciably affected by mastic and sandarac, 
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and increased by soluble starch. As the concentration of traga- 
canth increased, the rate increased, even after sufficient gum was 
present to absorb all the hydrochloric acid. This result suggests a 
specific absorption of both reactants. Another factor, however, 
must be operating, otherwise gum tragacanth should increase the 
rate of hydrolysis of an ester in homogeneous solution. As the 
observed rate in the heterogeneous system depends on the con- 
centration of the ester in the aqueous phase, it is suggested that 
the partition coefficient is materially altered by tragacanth and 
dammar; the former, owing to its absorbent nature, drawing more 
ester into the aqueous phase, and the latter, owing to its solubility 
in benzene, lowering that of the ester. 

Similar results were obtained with other esters and some of 
the emulsifiers mentioned above (see table). 


ExPERIMENTAL. 


Five c.c. of N-hydrochloric acid at 25° were added to a weighed 
quantity of the emulsifying agent (ground to pass a 150-mesh 
sieve) in a ground-stoppered glass bottle of about 250 c.c. capacity, 
previously warmed to 25°. Ten c.c. of N/2-ethyl acetate (N in 
the case of ethyl propionate and propyl acetate) in benzene were 
added, and the bottles placed in a rotary shaker of constant speed 


in a thermostat at 25°. At various intervals, after 200 minutes 
from the commencement, a bottle was withdrawn and cooled in 
ice-water for a minute in order to prevent any of the reactants 
being blown out on removal of the stopper; the whole contents 
were then titrated with standard baryta solution and phenol- 
phthalein. 

The percentage of the emulsifier is given as percentage of the 
total weight of the emulsion. Gums dispersible in water were 
left over-night with the hydrochloric acid. Blanks were always 
made to determine if there was any appreciable hydrolysis of the 
gum itself. The lamp-black was purified by heating to redness, 
treating with hydrochloric acid, and washing with water. The 
fuller’s earth was treated with hydrochloric acid to remove the 
carbonate present, and then washed till acid-free. It was found 
easier to neutralise the hydrochloric acid present with sodium 
hydroxide free from carbonate and complete the titration with 
baryta. 

In the heterogeneous reactions, during the first 5 hours, only a 
small fraction of the ester was hydrolysed. It is therefore suffi- 
ciently accurate to calculate x/t, where x = number of c.c. of N’-ester 
hydrolysed in ¢ minutes. Readings were never taken more than 
6 hours from the commencement of the experiment. Hence the 
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constants in the table represent the average number of c.c. of a 
N-solution of the ester hydrolysed per minute. The constants 
for the homogeneous reactions were calculated in the usual manner, 
the unit of time being the minute. Two sets of determinations 
were made and the results of each set usually agreed within 3%. 


TaB.LeE I. 
Traga- 
Ester. Normal. Arabic. canth. Dammar. Kaolin. 
Ethyl acetate 0-0014 0-0012 0-0024 0-0020 0-0016 


Propyl acetate ... 0:00067 0:00064 0-00093 0-00086 0-00071 
Ethyl propionate... 0-00076 0-00077 0-00096 0-00099  0-00079 

The author takes this opportunity to thank the Carnegie Trustees 
for a grant which enabled the research to be carried out. 
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CCCLVIII.—<An Investigation of the Effect of Differential 
Aération on Corrosion by means of Electrode 
Potential Measurements. 


By A. L. McAvtay and F. P. Bowprn. 


In a recent paper (American Chemical Society Corrosion Sym- 
posium, 1925; Ind. Eng. Chem., 1925, 17, 363), Evans discusses 
oxygen distribution as a factor in the corrosion of metals. The 
present investigation was undertaken with the object of measuring 
the potentials between solution and metal in the various zones 
recognised by Evans on a metal corroded by a partly aérated solu- 
tion. The potential differences in different zones were very clearly 
distinguished and on attempting to co-ordinate the results by 
measurements on standard surfaces it was found that the method 
provided a sensitive means of detecting the commencement of 
corrosion and recognising the state of the surface. 


EXPERIMENTAL. 


In the first set of experiments the method of preparing the 
specimens described by Evans was adopted. Sheets of zinc and 
iron were partly immersed in N//10-sodium chloride and, after 
24 hours, their surfaces were studied. Following Evans, four 
distinct zones were recognised on the corroded specimen: (1) A 
zone unwetted by the solution. (2) A zone over which the solution 
has crept, necessarily well aérated. (3) A zone beneath, but close 
to the surface of the solution, also well aérated. (4) A zone of 
deficient aération at greater depths. 
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Zones 1, 2, and 3 were bright and zone 4 was more or less badly 
corroded. Measurements were made of the single electrode poten- 
tial between N/10-sodium chloride and the various zones. 

In the second set of experiments the single electrode potentials 
between N/10-sodium chloride and standard surfaces *were measured 
under differing conditions. These surfaces were extremely sensi- 
tive to exposure either to air or to electrolyte; e.g., to obtain the 
true potential of freshly deposited electrolytic zinc, it was necessary 
carefully to plate the whole of the exposed surface, wash with water, 
and measure the electrode potential before the zinc had completely 
dried. If the surface were allowed to become dry for more than a 
few minutes, its electrical character changed completely. 

Broadly classified, all the surfaces were electrically in one of two 
standard conditions, and the rapid changes were from one to the 
other of these standard conditions. 

Method of Measurement and Apparatus.—Two distinct methods 
of measurement were used. In the “ A ” method the specimen was 
dry and the single electrode potential was measured between the 
metal and a drop of N/10-sodium chloride of about 4 mm. diameter 
placed on the metal surface. It is necessary that the drop be very 
small, as otherwise the effects of corrosion by the drop are marked 
owing to differential aération. This type of measurement gives the 
true single electrode potential between solution and metal. 

In the “ B ” method of measurement the specimen, or the region 
under investigation, was flooded with sodium chloride solution or 
with water, or occasionally was immersed to a depth of 0-5 cm. 
in the solution, and the potential difference between the electrolyte 
and the metal surface was measured at different places. This type 
of measurement gives the electrical conditions while corrosion is in 
progress. 

In the case of iron, the specimens prepared by Evans’s method 
were not allowed to dry, but were kept wet with water; this was 
necessary on account of the rapid decrease in the electrode potential 
of the corroded portion on exposure to air. 

The measurements were made against a normal calomel electrode, 
A (Fig. 1). This communicated with a tube, B, filled with N/10- 
sodium chloride, the end of which was drawn out to a hollow tip 
with a diameter of about } mm. This tip made contact with the 
solution above the metal plate, C. The potential difference between 
the mercury of the calomel electrode and the metal plate was 
measured by a potentiometer. The apparatus was sensitive to a 
nnillivolt. 

Experiments.—In the first series of experiments, specimens of 
zine and iron were corroded by partial immersion in V/10-sodium 
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chloride for a period varying from 12 hours to 2 days. The results 
of measurements made on them by methods A and B are dealt with 
in the next section. 

In the second series of experiments measurements were made by 
method A on the following standard surfaces : 


Zinc, freshly deposited electrolytically. 

Zinc, freshly polished with sandpaper. 

Zinc, exposed to a well-aérated solution of NV /10-sodium chloride 
for 2 days. 


JormazZ CalomeZ 


Zlectrode 
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Fig. 7. 


Zinc the surface of which had been exposed to air for a con- 
siderable time. 

Zine which had been heavily oxidised by heating. 

Polished and oxidised iron surfaces were also examined. 


As above mentioned, all these surfaces fell into one of two broad 
classes, one characteristic of freshly deposited metal which has never 
been exposed to air and the other characteristic of aérated surfaces. 
Under the influence of air, or differentially aérated electrolyte, one 
surface would pass rapidly from one class to the other. 

In measuring the potential between standard surfaces and N/10- 
sodium chloride, it was found that the potential difference varied 
with the size of the drop. A small drop on a dry surface (with the 
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exception of dried zone 4 on zinc) gave the potential associated with 
one class, but if this drop were enlarged the potential immediately 
began to acquire the characteristic of that of the other class. This 
was found to be due to electrolytic action taking place between the 
well-aérated edge of the drop and its poorly aérated centre. The 
following measurements were made to confirm this result. 

A large drop, from 1 to 2 cm. in diameter, was placed on a zinc 
surface for about a minute and then blotted off, and the potentials 
where the centre and the edge of the drop had rested were measured 
with a drop about 4 mm. in diameter. The edge showed the 
potential characteristic of an aérated surface, and the centre, that 
characteristic of freshly deposited zinc. The latter very rapidly 
returned to its initial condition, and when measured was usually 
between the two conditions and falling rapidly. 

To confirm further this result, two zinc surfaces were prepared 
to simulate under very different experimental arrangements the 
conditions existing in large and small drops on the zinc surface. 
The specimen corresponding to a large drop was partly immersed 
in electrolyte and corroded under conditions of differential aération. 
The potential of zone 4 was the same as the highest value obtained 
for the centre of the drop, but the zone, when visibly corroded, did 
not return to the aérated state for several days. The potential of 
zone 3 was that of the outside of the drop. The specimen corre- 
sponding to a small drop was immersed in electrolyte which was 
well aérated throughout by bubbling air through it. It remained 
uncorroded and its surface after treatment for more than 24 hours 
showed the potential characteristic of the small drop on a well- 
aérated surface. 

Discussion of Results. 

In the corrosion of a metal immersed in an electrolyte, the metal 
shows an equi-potential surface owing to the small currents flowing. 
There is, however, a fall of potential down the solution, the positive 
regions being situated where the metal is most negative to the 
solution. Such a region corresponds exactly to the negative plate 
of a simple primary cell and is called anodic. 

Figs. 2 and 3 summarise diagrammatically the general nature of 
the process that takes place. Chlorine ions move towards the 
anodic region under the influence of the electric field in the solution 
produced by the greater solution pressure in the corroded region. 
They there neutralise metallic ions, lowering the potential difference 
between solution and metal and enabling more metallic ions to leave 
the metal. These ions on emerging restore the potential difference. 
Sodium ions migrate to the ennobled region and are neutralised by 
electrons drawn from the metal. 
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As a broad generalisation, two types of surface may be recognised 
classified by the potential between them and N/10-sodium chloride. 
In the case of zinc the electrode potential of the first class against the 
normal calomel electrode is generally within 15 millivolts of —1-075 
volts, but may be more negative still where the corrosion is heavy. 
Fresh electrolytically deposited zinc and zone 4 of the corroded 
metal are in this class. They are the less noble regions on the 
corrosion specimens, or the more anodic. The second class com- 
prises zones 1, 2, and 3 on corroded specimens, surfaces freshly 
polished with sandpaper, specimens exposed to uniformly aérated 
electrolyte, and all surfaces which have been exposed to air for more 
than a few minutes, with the exception of zone 4 on corroded 
specimens, which remains in the first class even after prolonged 


+ a+ ++ 
Zn Zn Zn 
Oxidised surface. ; Corroded surface. 
Potential difference —1-000 volt. Potential difference —1-075 volt. 
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++ ++ ++ ++ ++ ++ ++ 
Zn Zn Zn Zn Zn Zn Zn 


Oxidised surface. Corroded surface. 


exposure to air. This second class of surface gives an electrode 
‘potential against the calomel electrode within about 15 millivolts 
of — 1-000 volt. Values considerably less negative than this are 
obtained with specimens oxidised by heating in air. Surfaces in 
this second class are the more noble regions on the corroded 
specimens. 

In the case of iron, few measurements against standard surfaces 
have been made. Measurements on corroded specimens and on 
polished specimens show the same general effects as with zinc, the 
two classes of surface described above being recognised and occur- 
ring under similar conditions. The first class has a potential differ- 
ence against the calomel electrode of about — 0-540 volt, the second 
class has a potential against the calomel electrode of — 0-340 volt. 
Iron surfaces of the first class, on exposure to air, very rapidly change 
to the second class. This is true for zone 4 in iron, which in zine 
remains true to type when exposed to air. . 

VOL. CXXVII. é 4s 
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Figs. 4 and 5 show, diagrammatically, corroded specimens of zinc 
and iron, respectively. The potential differences as measured by 
method A against the calomel electrode are shown on the figures. 
All these potentials given against the calomel electrode include 
the contact H.M.F. due to the liquid junction N-KCI-N /10- 
sodium chloride. No attempt was made to standardise this 
contact, and capillary tubes and plugs of filter-paper were in- 
cluded in the circuit. It is the relative rather than the absolute 
potentials of these zones which are of value. 
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The principal results of the investigation may therefore be sum- 
marised as follows: There are two normal states in which iron and 
zinc surfaces tend to exist, one a more electro-negative state 
characteristic of pure metal and corroded regions, the other a less 
electro-negative state, characteristic of aérated regions. For zinc, 
the difference in single electrode potential between these states is 
about 75 millivolts; for iron, it is about 200 millivolts. By drastic 
treatment (heavy corrosion in the first case, heavy oxidation in the 
second) the potentials in these states become more negative and 
more positive respectively. When drastically treated, the surfaces 
are visibly heavily corroded, and, in the case of zinc, do not rapidly 
change their condition without further drastic treatment. Experi- 
ments with drops have shown that surfaces having a clean bright 
appearance may be in either of the two states and then very rapidly 
change from one state to the other with change of conditions. 


UNIVERSITY OF TASMANIA, [Received, August 7th, 1925.] 
HOBART. 
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CCCLIX.—Production of cycloT'elluripentanedione 
Dichlorides. 


By Gitpert T. Moraan. 


[With Freperick JAMES CorBy, OLIVER CrciL ELvins, EVELINE 
JONES, RicHarRD EatouGcH KE.LuLettT, and Cyr JAMES ALLAN 
TAYLOR. | 


THe search for co-ordination derivatives of tellurium and the 
8-diketones led to the discovery of two new groups of cyclic 
tellurium compounds in which the diketone concerned furnishes a 
bivalent chelate group. These cyclic substunces are not the sole 
products of the condensation of tellurium tetrachloride with 
8-diketones, and certain of the diketones examined have not given 
them, but as the result of numerous experiments it now becomes 
possible to predict with a fair degree of certainty which @-diketones 
are likely to furnish the chelate groups required to implicate 
tellurium in the six-membered rings. 

Certain constitutional features must be present in a 6-diketone 
in order that it may function in the desired sense, and within the 
limits imposed by these structural requirements the reaction is 
a general one. 


TeCl, 


Z™% 
_ CH,R” — ough 
(I.) oc CO —» 0 0 (IZ.) 
wr Md 
C C 
Ls ri." 
R’ R’ R’ R’ 

Formula I represents any §-diketone which would condense 
with tellurium tetrachloride to produce a cyclic telluridichloride 
(II), provided that the substituents R, R’, and R” are of the 
appropriate chemical type. 

Acetylacetone, the simplest case, where R = R’ = R” = H, 
gives as the main product cyclotelluripentane-3 : 5-dione 1 : 1-di- 
chloride (formula II). It has, however, also yielded two other 
products both of which are non-cyclic; the first of these is the 
telluritrichloride, CH,*C(OEt):CH-CO-CH,:TeCl,, obtained by the 
intervention of ethyl alcohol present in ordinary chloroform, the 
second is a telluridichloride which is still enolic, 

{CH,°C(OH):CH-CO-CH,},TeCl,. 
These by-products arise evidently from interaction between tellur- 


ium tetrachloride and acetylacetone in its monoenolic form induced 
: 452 
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by migration of hydrogen from the median carbon atom. It is, 
however, highly probable that the main cyclic product is due to con- 
densation with a dienolic modification, CH,:C(OH)*CH,°C(OH):CH,, 
developed by twofold enolisation from the two terminal hydro- 
carbon radicals. The process probably takes place in two stages, 
the tellurium tetrachloride first combining additively with the 
dienolic modification of the ®-diketone, giving rise to the hypo- 
thetical addition product (IV), which by subsequent loss of two 
molecules of hydrogen chloride passes into the stable cyclotelluri- 
dichloride (II). 


TeCl, TeCl, 
R-CH CHR R @ UHR 
(iL) HOC GOH ~~ cine a ae 
r 4 HO \y OH 
CR’, CR’, 


It is of general interest in connexion with dynamic isomerism 
that in these condensations the tetrachlorides of selenium and 
- tellurium behave dissimilarly and evoke a different response from 
the reacting tautomeric diketone. Selenium tetrachloride attacks 
the monoenolic isomeride produced by median enolisation or its 
analogously constituted copper derivative. Tellurium tetrachloride 
links up the unsaturated ends of a five-membered chain arising from 
twofold terminal enolisation. This explanation of the mechanism 
of the tellurium condensation is supported by the following 
experimental evidence. 

1. Median enolisation. So long as 2R’ in the foregoing formule 
represent two hydrogen atoms there is considerable tendency for 
one of these to migrate to an adjacent oxygen atom, thus giving 
rise to median enolisation. The result of this dynamic change in 
the case of acetylacetone has already been mentioned; it leads 
to two non-cyclic products. Similar non-cyclic products have been 
noticed with propionylacetone, dipropionylmethane, di-n-butyryl- 
methane, and hexoylacetone. The last two diketones exhibit the 
interesting case of an enolic non-cyclic telluritrichloride, 
(C,H,°CH,°C(OH):CH-CO-CH(C,H,)!TeCl, and 

{C5H,,°CH,°C(OH):CH-CO-CH,}TeCl,. 

It is probable that the three types of non-cyclic tellurium com- 
pounds (0-ethyl-trichloride and enolic trichloride and dichloride) 
may be present in other condensations with non-3-alkylated -di- 
ketones, but that owing to instability and great solubility these 
products have not been isolated, the experimental difficulties 
becoming greater as the number of carbon atoms in the chain 
increases. 
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2. Lengthening of the unbranched chain. Providing that the 
tendency to terminal enolisation is not diminished by substitution 
of alkyl radicals for hydrogen in the reactive terminal methylene 
groups R:CH,°CO-CH,°CO-CH,°R’, the lengthening of hydrogen 
chain R or R’ does not prevent the formation of a cyclotelluri- 
pentanedione derivative, and the general nature of the reaction has 
been demonstrated by condensing such higher ketones as n-octoyl- 
acetone, n-nonoylacetone, and n-duodecoylacetone (lauroylacetone) 
with tellurium tetrachloride. The last of these has yielded 2-n-decyl- 
cyclotelluripentane-3 : 5-dione 1:1-dichloride (VII), reducible to 
2-n-decylcyclotelluropentane-3 : 5-dione (VIII). é 

Sufficient examples have been selected to show that the pro- 
duction of cyclotelluripentanedione dichlorides and their reduction 
to cyclotelluropentane-3 : 5-diones are general reactions for all 
8-diketones having structural formula I when R and R” are normal 
or unbranched hydrocarbon chains. 

3. Alkylation of the median methylene growp. When one R’ is 
hydrogen and the other an alkyl group, the tellurium condensation 
becomes simplified so that, although many 3-alkylated 6-diketones 
have been examined, only one telluriferous product has been 
identified in each case. The 3-alkylacetylacetones react smoothly 
and give 4-alkylcyclotelluripentane-3 : 5-dione 1: 1-dichlorides in 
good yield. The 3-propylpropionylacetones (normal and iso) de- 
scribed below behave similarly and give rise to the two isomeric 
2-methyl-4-propyleyclotelluripentane-3 : 5-dione 1 : 1-dichlorides (IV). 

3-isoButylacetylacetone also condenses smoothly with tellurium 
tetrachloride, yielding only one product, namely, the cyclic telluri- 
dichloride (IT). 

4. Branched chains on the median carbon atom. 3-tsoPropyl- 
acetylacetone, (CH;),CH-CH(CO:CH,),, and 3-isopropylpropionyl- 
acetone, (CH,),CH-CHAc-CO:C,H,, furnish interesting examples of 
the influence of chemical structure on median enolisation. They 
differ from their n-propyl isomerides in giving neither ferric nor 
cupric derivatives. 3-isoButylacetylacetone, 

(CH,),CH-CH,°CH(CO-CHs),, 

in which a methylene group is interposed between the branched 
chain and the median carbon atom, gives, however, both ferric and 
cupric derivatives just as readily as 3-n-butylacetylacetone (J., 1924, 
125, 763). But although ordinary median enolisation is inhibited 
in the 3-isopropyl-8-diketones, they react with tellurium tetra- 
chloride to give cyclic telluridichlorides. If enolisation is an 
essential concomitant of the primary phase in this condensation, 
it is therefore more probably terminal than median. 

5. 3: 3-Dialkylated 8-diketones. The fact that 3 : 3-dimethyl- 


tt 
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and 3: 3-diethyl-acetylacetone both give cyclic telluridichlorides 
is conclusive evidence that any preliminary enolisation must be 
terminal, since in these cases the possibility of median enolisation 
is absent (Morgan and Drew, J., 1924, 125, 735, 1601). 

6. Terminal branching chains. In formula I the terminal chains 
are represented by the symbols R-CH,— and —CH,R”, and it has 
been found that cyclic telluridichlorides are not produced unless 
both methylene groups are present. If cyclic condensation is 
prevented entirely by the conversion of one CH,R group into 
CHRR’, the $-diketones with one such branching chain give only 
non-cyclic telluritrichlorides and dichlorides. 

With two terminal branching chains, as in ditsobutyrylmethane, 
the formation of telluriferous products is reduced to a minimum, 
90° of the tellurium is set free, and the only telluriferous product 
is a non-cyclic telluritrichloride formed to a very slight extent 
(Morgan and Taylor, this vol., p. 797). 

7. Influence of aromatic groups. Benzoylacetone is incapable of 
twofold terminal enolisation and gives rise only to non-cyclic 
telluriferous compounds, and for similar reasons ill-defined products 
are obtainable from dibenzoylmethane. 

When present in the positions indicated by R, R’, and R”, phenyl 
radicals prevent completely the formation of cyclotelluridichlorides 
unless a methylene group is interposed. This intervention is 
effected at the median carbon atom by benzylating the sodium 
derivative of §-diketone as in 3-benzylpropionylacetone, which 
condenses to form 4-benzyl-2-methylcyclotelluripentane-3 : 5-dione 
1 : 1-dichloride (V1). 

3-Benzyl- and 3: 3-dibenzyl-acetylacetones have also been 
converted into cyclic telluridichlorides, although condensation did 
not occur with 3: 3-di-p-nitrobenzylacetylacetone (Morgan and 
Taylor, loc. cit.). 

A benzyl group was introduced into terminal position R or R” 
(formula I) by operating with §-phenylpropionylacetone, which 
underwent condensation with tellurium tetrachloride in the normal 
way, for although the cyclic telluridichloride was not isolated in a 
state of purity, it was identified by conversion into its reduction 
product, ston tia i : 5-dione (V). 


Te 


ZN 
CH,Ph: 2 te a ie 
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R = n- or iso-C,H, or CH,Ph. 
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8. Reduction of cyclotelluripentanedione dichlorides to cyclo- 
telluropentanediones. Apart from the chemical significance attach- 
ing to the new group of cyclic telluridichlorides, these derivatives 
are of interest from the point of view of chemical bacteriology, 
because each member of the group is readily reducible to a cyclo- 
telluropentanedione (V and VI), the reaction being a general one. 
Many of these cyclic telluro-derivatives are sufficiently soluble 
in cold water to impart to the aqueous solutions outstanding 
germicidal properties. The most powerful bactericide of the series 
is 2: 6-dimethylcyclotelluropentane-3 : 5-dione (from dipropionyl- 
methane), but as this derivative is difficult to produce in large 
amount the next most efficient members have been most exten- 
sively employed in bacteriological tests. These substances are 
2-methylcyclotelluropentane-3 : 5-dione (from propionylacetone) and 
its 3-alkylated homologues. The methyl and ethyl derivatives have 
already been prepared, whereas the - and iso-propyl compounds 
and the benzyl derivatives, all symbolised by the general formula VI, 
are described in the experimental part of this communication. 

9. Oximes of cyclotelluropentane-3 : 5-diones. The chemical con- 
stitution ascribed to cyclotelluropentane-3 : 5-diones (V and VI) 
as the result of the preceding experimental proofs is confirmed by 
the oximation of these substances. 

In general, both monoximes and dioximes are obtainable, 
although it is evident that the progress of this reaction is affected 
by steric hindrance. 

2-Methylcyclotelluropentane-3 : 5-dione resembles  cyclotelluro- 
pentane-3 : 5-dione, the simplest member of the series, in yielding 
chiefly the dioxime, whereas 2-methyl]-4-ethylcyclotelluropentane- 
3: 5-dione yields both: mono- and di-oximes and the monoxime 
is never entirely absent even when drastic oximation is employed. 
These examples and the earlier cases (Morgan and Drew, Morgan 
and Taylor, loc. cit.) demonstrate the presence of two ketonic 
carbonyl groups in the cyclotelluropentane-3 : 5-diones. 


ExPERIMENTAL. 


[With FrepERick JAMES CorRBY.] 
1. 2-Methyl-4-propyleyclotelluropentane-3 : 5-dione (VI). 


Sodium propionylacetone (23 g.), made from the diketone in 
dry ether, was heated for 8 hours with 80 g. of n-propyl iodide; 
reaction commenced at 115°, the temperature was maintained at 
130° for 2 hours, and finally raised to 150°. The cooled mixture 
was added to water, the aqueous layer extracted with ether, and 
the ethereal extract added to the organic layer. The latter on 


2616 MORGAN : 


fractionation furnished n-propylpropionylacetone, b. p. 210°/750 mm. 
with slight decomposition. This n-propyl diketone gave an intense 
bluish-purple coloration with ferric chloride quite distinct from the 
blood-red tints obtained with the non-3-alkylated diketones. The 
new diketone had a pleasant terpenoid odour and yielded with 
ammoniacal cupric acetate a greenish-grey, voluminous precipitate 
of copper 3-n-propylpropionylacetone, readily soluble in acetone, 
methyl and ethyl alcohols and crystallising from benzene in 
greenish-grey, silvery needles melting and decomposing at 178° 
(Found: Cu, 16-8. C,.H 4 90,Cu requires Cu, 17-0%). 

2-Methyl-4-n-propyleyclotelluripentane-3 : 5-dione 1:1-Dichloride, 

CO-CH, —— 
CH, (CH2}CH<09.CH(CH,)> 1°Ck: 

—After heating under reflux for 1} hours a mixture of 6 g. of 3-n- 
propylpropionylacetone, 5-7 g. of tellurium tetrachloride, and 50 c.c. 
of chloroform, the orange filtrate from tellurium was concentrated 
in a vacuum over calcium chloride until crystals of the telluri- 
dichloride separated. The mother-liquor after extraction with 
light petroleum to remove unchanged diketone was again con- 
centrated, and the process repeated so that three crops of crystals 
were obtained (yield 62%). Recrystallised from chloroform, the 
dichloride separated in colourless prisms darkening at 145°, blacken- 
ing at 150° (Found: Cl, 20-2; Te, 35-9. C,H,,0,Cl,Te requires 
Cl, 20:2; Te, 36-15%). 

When suspended in ice-cold water and treated with potassium 
metabisulphite, the dichloride was readily reduced to 2-methyl- 
4-n-propyleyclotelluropentane-3 : 5-dione (V1), with slight deposition 
of tellurium. The product was soluble in water, but less soluble 
than its 3-methy] analogue ; it was recovered from aqueous solution 
by benzene. It was obtained from methyl alcohol in golden- 
yellow crystals, m. p. 102° with slight decomposition (Found : 
C, 38-3; H, 5-1; Te, 44-9. C,H,,0,Te requires C, 38-4; H, 5-0; 
Te, 45:2%). 


2. 2-Methyl-4-isopropylceyclotelluropentane-3 : 5-dione (V1). 


Sodium propionylacetone (23 g.) was heated with 120 g. of 
isopropyl todide for 8 hours at 130°. The cooled mixture was 
poured into water and the two layers were worked up as in the 
case of the n-propyl isomeride. 

3-isoPropylpropionylacetone, CH,*CH,°CO-CH(CHMe,)-CO-CH;, 
boiled at 195°/750 mm. with slight decomposition; it differed 
from 3-n-propylpropionylacetone in not developing any ferric 
coloration and in not giving a copper derivative with ammoniacal 
cupric acetate. 
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2-Methyl-4-isopropyleyclotelluripentane-3 : 5-dione 1 : 1-Dichloride, 
CO-CH, 
(CH;),CH-CH O-CH( (CH CH, )> Pech 

—Ten g. of the preceding diketone, 9 g. of tellurium tetrachloride, 
and 80 c.c. of purified chloroform were heated under reflux for 
2 hours and the orange filtrate was concentrated to the crystallising 
point. The subsequent procedure was the same as in the case of 
the n-propyl isomeride, and the telluridichloride crystallised in 
colourless, glistening prisms darkening at 168° and blackening at 
173° (Found: Cl, 20-1; Te, 35-8. C,H,,0,Cl,Te requires Cl, 
20-2; Te, 36-17%). 

Reduction in the normal way led, with liberation of free tellurium, 
to 2-methyl-4-isopropylcyclotelluropentane-3 : 5-dione (VI); this pro- 
duct crystallised from methyl alcohol in light yellow needles, 
m. p. 127°; it was much less soluble in water than the corresponding 
n-propyl compound (Found: C, 38:5; H, 5-05; Te, 44-85. 
CyH,,0,Te requires C, 38-4; H, 5-0; Te, 45-1%). 

An attempt was now made to prepare a third isomeride of the 
foregoing isomeric propyltelluro-derivatives. 3-Methylpropionyl- 
acetone, prepared by the method formerly described (J., 1924, 
125, 745), was dissolved in dry ether and converted into sodium 
salt. The latter was heated with 3 parts of ethyl iodide in an 
autoclave for 6 hours at 180°, the pressure being 10 atmospheres. 
The dialkylated diketone was extracted from the mixture by the 
procedure adopted for the two propylated diketones. On fraction- 
ation, 3-methyl-3-ethylpropionylacetone distilled at 118°/10 mm. 
(yield 25%). The diketone, which had a fragrant odour, gave 
neither coloration with ferric chloride nor precipitate with am- 
moniacal cupric acetate. 

In the condensation with tellurium tetrachloride and 3-methyl- 
3-ethylpropionylacetone, tellurium was deposited and a consider- 
able amount of tar was produced; the telluridichloride was not 
isolated, although it was probably present in the brown, tarry 
chloroform solution, since this changed to bright yellow on treat- 
ment with aqueous metabisulphite. 


3. 4-Benzyl-2-methylcyclotelluropentane-3 : 5-dione (V1). 
3-Benzylpropionylacetone—Sodium propionylacetone (34 g.) was 
heated under reflux with 13 g. of rectified benzyl chloride for 
8 hours at 140°, the product being worked up as in the case of 
the propylated diketones. The benzylated diketone, which dis- 
tilled at 185°/20 mm., was a colourless liquid with fragrant odour ; 
it developed an intense reddish-violet coloration with ferric chloride 


and with sommieinnel cupric acetate it yielded a copper derivative 
4 s* 
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readily soluble in alcohol, acetone, or benzene to dark olive-green 
solutions. Copper 3-benzylpropionylacetone crystallised from these 
solvents in pale grey, silvery needles, m. p. 182° (Found: Cu, 
13-4. CygH590,Cu requires Cu, 13-5%). 

4. Benzyl-2-methylcycloielluripentane-3 : 5-dione 1 : 1-Dichloride, 


Co-CH,—— 
C,H s'CH,CH<G O -CH(CH,)? 2 


—The orange solution obtained by heating 8-5 g. of 3-benzyl- 
propionylacetone, 5:8 g. of tellurium tetrachloride, and 50 c.c. of 
dry chloroform for 2 hours was decanted from tellurium and con- 
centrated in a vacuum to the crystallising point. The mother- 
liquor was treated as in the case of the propylated dichlorides, and 
5 g. of telluriferous product were obtained. Recrystallised from 
acetone, the telluridichloride separated in colourless, glistening 
prisms, m. p. 168° (Found: Cl, 17-7; Te, 31-8. C,,;H,,0,Cl,Te 
requires Cl, 17:75; Te, 31-7%). 

Suspended in water and reduced with potassium metabisulphite, 
the dichloride yielded 4-benzyl-2-methyleyclotelluropentane-3 : 5-dione 
with very slight elimination of tellurium. This telluro-derivative 
crystallised from methyl alcohol in yellow needles, m. p. 124° with 
decomposition. The crystals did not sublime in a vacuum and 
were only slightly soluble in water (Found: C, 47-5; H, 4-4; Te, 
38-4. C,,H,,0,Te requires C, 47-3; H, 4:3; Te, 38-8%). 


[With Eve.ine JoNEs.] 
1. 3-isoButylacetylacetone, (CH;),CH-CH,°CH(CO-CH,),. 


Rectified isobutyl iodide (b. p. 117—120°) was obtained in 60% 
yield by Blaise’s method (Bull. Soc. chim., 1911, 9, 1). A mixture 
of 161 g. of this iodide and 52 g. of sodium acetylacetone con- 
tained in a stoppered glass bottle was heated gradually in a rotating 
autoclave to 170°, and was maintained at this temperature for 
an hour (pressure 150 lb. per sq. inch). The liquid contents of 
the bottle were drained from sodium iodide and unchanged sodium 
acetylacetone, and the latter solids were extracted with ether. 
The oil and ethereal extracts were distilled together up to 124° to 
remove solvent and isobutyl iodide, and the residue was fractionated 
under reduced pressure; the fraction distilling at 93—94°/10 mm. 
consisted of 3-isobutylacetylacetone, which developed a_ bluish- 
purple coloration with ferric chloride and was purified by con- 
version into its copper derivative by interaction with ammoniacal 
cupric acetate. Copper isobutylacetylacetone crystallised from petro- 
leum (b. p. 60—80°) in well-defined, steel-grey needles, m. p. 158° 
(Found: Cu, 16-9. C,,H, 90,Cu requires Cu, 17-0%). 
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4-isoButyleyclotelluripentane-3 : 5-dione 1 : 1-Dichloride, 
CO-CH 
(CH;),CH-CH,°CH< 69.6792 >TeCle- 


2 
—A mixture of 5-8 g. of isobutylacetylacetone and 5 g. of tellurium 
tetrachloride in 40 c.c. of purified dry chloroform was heated on 
the water-bath for 1—2 hours. The filtrate from a small deposit 
of tellurium was concentrated at the ordinary temperature until 
acicular crystals separated. Recrystallised from acetone or chloro- 
form, the dichloride separated in well-defined, colourless needles, 
m. p. 142° (yield 2 g.) (Found: Cl, 20-3; Te, 36-4. C,H,,0,TeCl, 
requires Cl, 20-1; Te, 36-2%). 

4-isoButylceyclotelluropentane-3 : 5-dione, 
Wr. CO-CH, 
(CH ;),CH’CH, CH<c0.cH.> Fe: 

—The foregoing dichloride when reduced with aqueous potassium 


metabisulphite yielded a yellow solid sparingly soluble in water. 
Recrystallised from benzene, the telluro-derivative separated in 
yellow leaflets, m. p. 150° (Found: C, 384; H, 5-0. C,H,,0,Te 
requires C, 38-4; H, 5°0%). 


2. 8-Phenylpropionylacetone, C,H,*CH,*CH,*CO-CH,°CO-CH3. 

Ethyl 6-phenylpropionate, prepared by boiling 209 g. of -phenyl- 
propionic acid for 2 hours with 900 c.c. of .absolute alcohol con- 
taining 30 g. of hydrogen chloride, was fractionated until boiling 
at 244—245°. The Claisen condensation was carried out with 
acetone and sodium in calculated quantities and ethyl ®-pheny]l- 
propionate (3 mols.), the acetone being diluted with six times its 
volume of dry benzene. After 12 hours, the mixture was heated 
on the water-bath, cooled, and poured on to ice, the aqueous layer 
being treated successively with acetic acid and cupric acetate. 
The precipitate consisted of a mixture of copper 8-phenylpropionate 
and copper 8-phenylpropionylacetone, which were separated by 
fractional crystallisation from benzene, the latter compound being 
the more soluble. When purified, it had a greyish-blue colour 
and melted at 158° (Found: Cu, 14:4. C,,H,,0,Cu requires Cu, 
14-4%). 

2-Benzyleyclotelluripentane-3 : 5-dione 1 : 1-Dichloride—Hydrogen 
chloride was evolved with a slight deposition of tellurium when 5 g. 
of tellurium tetrachloride, 5-3 g. of @-phenylpropionylacetone, and 
40 c.c. of purified chloroform were heated on the water-bath for 
2 hours. The solution was concentrated in a vacuum desiccator 
to a dark brown jelly and stirred with light petroleum, but the 
semi-solid mass showed no tendency to crystallise and accordingly 


it was reduced with aqueous potassium metabisulphite, when a 
‘ 4s*2 
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yellow solid separated mixed with tarry matter and tellurium. 
After extraction with hot alcohol, the golden-yellow filtrate yielded 
2-benzylcyclotelluropentane-3 : 5-dione (V) in small, yellow crystals 
decomposing at 159° (Found: C, 45:8; H, 39; Te, 41-0. 
C,.H,,0,Te requires C, 45-6; H, 3-8; Te, 40-4%). 


[With Cyrm James ALLAN TAYLOR.] 


1. Copper duodecoylacetone, prepared by the Claisen condens- 
ation from methyl undecyl ketone (Morgan and Holmes, J. Soc. 
Chem. Ind., 1925, 44, 1087), was decomposed with sulphuric acid 
in presence of ether. The free §-diketone obtained from the 
ethereal layer melted at 31—32° and had the characteristic pro- 
perties of its series. 

2-n-Decyleyclotelluripentane-3 : 5-dione 1: 1-Dichloride (VII). 
(VII.) CyoH,1CH-TeCl,-CH, CoH 1° 2 aA ry (VIII.) 

OC—CH,—CO 

—Four g. of tellurium tetrachloride and 5 g. (1-5 mols.) of duo- 
decoylacetone were heated in chloroform solution for 3 hours. 
The dark brown oil obtained on evaporation was extracted repeatedly 
with petroleum (b. p. 40—60°) to remove unchanged diketone and 
then left for 1 month in a vacuum desiccator. Crystallisation set 
in and the solid product was stirred successively with carbon 
tetrachloride and petroleum. The warm benzene extract of this 
product was diluted with excess of petroleum, when silvery-white 
flakes separated (yield 21%) (Found: Cl, 16:4; Te, 29-4. 
C,;H,,0,Cl,Te requires Cl, 16-3; Te, 29-2%). 

2-n-Decylcyclotelluripentane-3 : 5-dione 1 : 1-dichloride was readily 
soluble in cold benzene, chloroform, or acetone, less soluble in 
carbon tetrachloride, and dissolved only sparingly in petroleum ; 
it melted at 89°. 

2-n-Decyleyclotelluropentane-3 : 5-dione (VIII), obtained by the 
reduction of the preceding substance with alkali bisulphite, crystal- 
lised from aqueous alcohol in pale yellow, woolly masses, m. p. 
98—99° (decomp.) (Found: C, 49-1; H, 7-1. C,;H,,0,Te requires 
C, 49-25; H, 7-1%). 

This telluropentanedione derivative was readily soluble in cold 
benzene or alcohol, insoluble in water, but dissolved in dilute 
aqueous caustic soda, especially on warming; on prolonged boiling, 
tellurium was deposited. 


2. Tellurium Tetrachloride and 3-Phenylpropionylacetone. 


Four g. of tellurium tetrachloride were added to 6-0 g. (2 mols.) 
of 3-phenylpropionylacetone (Ber., 1925, 58, 340) in 25 c.c. 
of chloroform, and the solution was boiled for 1—2 hours. After 
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evaporating off the solvent, the tarry residue was extracted twice 
with light petroleum and digested with carbon tetrachloride, and 
the solution in this solvent concentrated, when crystallisation 
set in. The product, which was much discoloured, separated from 
carbon tetrachloride in colourless lamella, m. p. 64—68°. It gave 
the enolic reaction with ferric chloride and was very sensitive to 
moisture; it did not evolve the earthy odour of an O-ethyl 
6-diketone with cold alkali. 

The condensation was varied by changing the proportion of di- 
ketone, but the products were similar and contained about 19-4% 
of chlorine, with C, 27-1; H, 2-6. These numbers did not corre- 
spond with the values calculated for a cyclic dichloride, X’’TeCl,, 
or for di- and tri-chlorides of the type X’TeCl, and X’,TeCl,. The 
reduction product with alkali bisulphite was unstable. It was 
therefore evident that the condensation of 3-phenylpropionyl- 
acetone with tellurium tetrachloride did not lead to a derivative 
of the cyclotelluripentanedione dichloride series. 


[With Ricuarp EatoucH KE LLETT. |] 


1. 2-Methylcycloteiluropentane-3 : 5-dione Dioxime, 

CH,-CH—Te—OH, 

NOH:C—CH, —C:NOH. 
—Two g. of hydroxylamine sulphate in 30 c.c. of water were added 
to 0°7 g. of 2-methylcyclotelluropentane-3 : 5-dione (J., 1923, 123, 
450) in 50 c.c. of water; the solution was neutralised with sodium 
hydroxide and warmed on the water-bath. The crude oxime 
separated, on cooling, in minute, yellow crystals. Extraction of 
this precipitate with boiling benzene gave a small amount of 
soluble product, probably monoxime, blackening at 135—150°. 
The residue dissolved in warm alcohol and separated in greyish- 
yellow crystals darkening at 153° and melting sharply at 161-5° 
(Found: N, 10-4; Te, 47-0. C,H,0,N,Te requires N, 10-4; Te, 
47-3%). 

The dioxime was insoluble in hot water or benzene. 

2. The Oximes of 2-Methyl-4-ethylcyclotelluropentane-3 : 5-dione. 
—Two g. of hydroxylamine sulphate in 50 c.c. of water were added 
to 0:7 g. of 2-methyl-4-ethylcyclotelluropentane-3 : 5-dione (J., 
1924, 125, 758) in 50 c.c. of warm alcohol. Sodium acetate was 
added with sufficient water to bring the reagents into solution 
when heated on the water-bath. Some tellurium separated and 
after 10 minutes the cooled solution deposited a voluminous mass 
of yellow crystals; the greater part of this dissolved readily in 
warm benzene, but the nitrogen content of the crystallised product 
was 7-7, that is, intermediate between 5-0 and 9-4 required for 
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the mono- and di-oximes respectively. The mixture was extracted 
with either boiling water or a small amount of benzene. After 
repeated crystallisation, the more soluble monoxime was isolated 
in bright yellow crystals blackening at 135° and melting at 157° 
(Found: N, 5-1; Te, 45-1. C,H,,0,NTe requires N, 5-0; Te, 
45-1%). 

2-Methyl-4-ethyleyclotelluropentane-3 : 5-dione monoxime (1X) was 
only sparingly soluble in hot water and decomposed slightly in 
aqueous solution. 


(IX.) CH,°CH—Te—CH, i come (X.) 
OC-CHEt—C:NOH nol at 

2-Methyl-4-ethylcyclotelluropentane-3 : 5-dione Dioxime (X).— 
Oximation to the dioxime was never complete, even on carrying 
out the condensation in solutions rendered alkaline with sodium 
hydroxide, either by direct treatment of the diketone or by the 
further action of hydroxylamine on the monoxime. The mixed 
products from either of these operations were extracted with 
boiling benzene to remove monoxime, and the residues crystallised 
from boiling alcohol, in which they dissolved without decomposi- 
tion. The dioxime separated as a greyish-yellow, crystalline powder 
blackening at 170° and decomposing at 182° (Found: N, 9-7; 


Te, 42-7. C,H,,0,N,Te requires N, 9-4; Te, 42-85%). 

The dioxime is practically insoluble in hot water or cold benzene, 
more soluble in the latter on boiling, and dissolves with slight 
decomposition in warm acetylacetone. 


[With Oxtver Crom ELvins.] 


1. 4-sec.-Butylcyclotelluripentane-3 : 5-dione Dichloride. 


sec.-Butyl alcohol, synthesised by Wood and Scarf’s process (J. 
Soc. Chem. Ind., 1923, 42, 1317) (74 g.), was converted into sec.-butyl 
iodide by treating with red phosphorus (20 g.) and iodine (128 g.), 
the latter reagent being added in small quantities. After warming 
the mixture, the iodide was distilled off, washed with aqueous 
sodium carbonate, dried, and fractionated (b. p. 117—118°). 

3-sec.-Butylacetylacetone, (CH,°CO),CH-CH(C,H;)*CH,, was ob- 
tained by heating in a rotating autoclave at 140—160° for 2 hours 
(pressure 120 lb. per sq. inch) 35 g. of sodium acetylacetone and 
10 g. of sec.-butyl iodide. The resulting mixture was filtered, the 
sodium iodide washed with ether, and the combined filtrates were 
distilled first under the ordinary and then under reduced pressure. 
The fraction boiling at 110—113°/13 mm. was again rectified until 
it ceased to give the red coloration with ferric chloride. The 
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final product boiled at 109—111°/13 mm., but the yield was only 
9% of theory. 

3-sec.-Butylacetylacetone gave no copper derivative with am- 
moniacal copper acetate, but underwent condensation with tellurium 
tetrachloride. A chloroform solution (30 c.c.) of the latter reagent 
(2-9 g.) and diketone (2-5 g.) evolved hydrogen chloride on boiling 
and 0-2 g. of tellurium was set free. The filtrate, concentrated 
in a vacuum to a brown tar, solidified on treatment with light 
petroleum. The solid product crystallised from benzene in lustrous, 
colourless, prismatic needles darkening at 162° and melting at 
168—169° (yield 37%) (Found: Cl, 20-0. C,H,,0,Cl,Te requires 
Cl, 201%). 

4-sec.-Butylcyclotelluripentane-3 : 5-dione 1:1-dichloride (XI) 
was reduced with aqueous sodium bisulphite and the insoluble 
reduction product was extracted with benzene and crystallised 
from alcohol. 


H,-TeCl,-CH, CH,—Te—CH, 
(XI.) CO—CH—CO CO—CH—CO (XII) 
CH,-CH-C,H, CH,-CH-C,H, 
4-sec.-Butylcyclotelluropentane- 3 : 5-dione (XII) was mn tained in 
primrose-yellow needles, m. p. 145° (Found: C, 38-2; H, 5:3. 


C,H,,0,Te requires C, 38-45; H, 5-0%). 
2. 4-sec.-dl-Amylcyclotelluripentane-3 : 5-dione 1 : 1-Dichloride. 


cae, ane CH,—Te— Ta 
(XIII.) O bo—c H—CO (XIV.) 


H,"CHMeEt “ -CHMeEt 


—An intimate mixture of 52 g. of d/-amyl iodide and 20 g of sodium 
acetylacetone was maintained at 130° for 2 hours in the rotating 
autoclave (100 lb. per sq. inch), and finally at 160° for 30 minutes. 
The oily product and the sodium iodide were treated as in the 
preceding preparation (p. 2622). dl-sec.-Amylacetylacetone was 
obtained as an oil, b. p. 116°/15 mm. (yield 36%). In alcoholic 
solution this 3-alkylated diketone developed a purple coloration 
with ferric chloride, the liquid becoming blue on addition of water. 
With ammoniacal cupric acetate the copper derivative was obtained ; 
it crystallised from methyl alcohol in greenish-grey needles, m. p. 
120°, and was very soluble in chloroform, benzene, or petroleum 
(b. p. 80—100°), but dissolved only slightly in light petroleum 
(b. p. 40—60°) (Found: Cu, 16-2. C. 9H,,0,Cu requires Cu, 
15-9%). 

Condensation of the diketone and tellurium tetrachloride was 
effected in purified chloroform, and the cyclic dichloride extracted 
as in the preceding preparation (p. 2623), the yield being 35%. 
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4-sec.-Amylcyclotelluripentane-3 : 5-dione dichloride (XIII) crys- 
tallised from benzene in colourless, lustrous, prismatic needles 
darkening at 136° and melting at 162° (Found: Cl, 19-6; Te, 34-5. 
C1 9H,,0,Cl,Te requires Cl, 19-3; Te, 34-8%). 

4-sec.-Amylceyclotelluropeniane-3 : 5-dione (XIV), obtained from 
the preceding dichloride by reduction with bisulphite, crystallised 
from benzene or dilute alcohol in pale yellow leaflets, dissolving 
sparingly in hot water and soluble in benzene, but insoluble in 
petroleum (b. p. 40—60°); m. p. 188—139° (Found: C, 40-9; 
H, 5-7. C,9H,,0,Te requires C, 40-6; H, 5-45%). 

Although the two foregoing telluriferous compounds containing 
sec.-amyl groups were obtained as crystalline products, the con- 
densation of tellurium tetrachloride with 3-sec.-amyldipropionyl- 
methane resulted in oily products. This 3-alkylated diketone was 
obtained without using the autoclave by heating under reflux 
20 g. of sec.-amyl iodide and 5 g. of sodium dipropionylmethane for 
1 hour at 140—145°; sodium iodide separated slowly and the oily 
product on distillation yielded 2-5 g. of the diketone, b. p. 137°/15— 
17 mm., which developed a purple coloration with ferric chloride. 

Copper 3-sec.-amyldipropionylmethane was slowly formed on 
shaking the diketone with ammoniacal cupric acetate. Crystallised 
from petroleum, b. p. 60—80°, it separated as a greenish-grey 
meal, m. p. 105°; it was very soluble in benzene or chloroform 
(Found: Cu, 14-5. C,,H,)0,Cu requires Cu, 13-9%). 

Addendum.—In addition to the copper derivatives obtained as 
above from the open-chain diketones, the following metallic deriv- 
atives from the cyclic acetylmethylcyclohexanone (Leser, Bull. Soc. 
chim., 1900, 23, 370; 1901, 25, 196) were examined. The-diketone 
employed had Di 1-024 and [«]%, + 105-8°. Its copper deriv- 
ative was examined for the presence of isomerides by fractional 
crystallisation from alcohol, but no change in the melting point 
(186°) was noticed. A benzene solution was too deeply coloured 
for determination of its rotation. 

Beryllium Acetylmethyleyclohexanone, Be(C,H,,0,)..—On shaking 
together a concentrated solution of beryllium acetate containing 
sodium acetate and 1-5 g. of acetylmethylcyclohexanone in 30 c.c. 
of alcohol, a white precipitate of the beryllium derivative was 
obtained in quantitative yield. This product was very soluble in 
benzene or chloroform; evaporation of the latter solution led to a 
glass which became crystalline on rubbing. Minute crystals 
obtained from petroleum (b. p. 80—100°) melted at 159—160°. 
Four crops of crystals obtained by fractionation from petroleum 
were examined at 17° in the polarimeter (0-5 g. in 10 c.c. of benzene ; 
I= 1). The rotations and melting points remained constant : 


INTERACTIONS OF TELLURIUM TETRACHLORIDE, ETC. 2625 


a 2-66°, 267°, 2-66°, 2-68°; m. p. 160°, 159-5°, 160°, 159-5°; whence 
requires Be, 3-0%). 
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CCCLX.—Interactions of Tellurium Tetrachloride and 
Monoketones. 


By Girpert T. Morcan and OLiver Ceci ELVINS. 


A COMPREHENSIVE study of the interactions of tellurium tetra- 
chloride and §-diketones summarised in the preceding communi- 
cation furnishes considerable experimental evidence in support of 
the view that condensations leading to cyclotelluripentanedione 
dichlorides are due, not to median enolisation of the $-diketones, 
but to a twofold terminal enolisation of these tautomeric substances. 
Tellurium tetrachloride combines additively with the two double 
linkings, a ring structure is set up, and then by loss of hydrogen 
chloride (2 mols.) the telluripentanedione ring is stabilised, this 
condensation being characteristic of the majority of known 
8-diketones (see p. 2612). 

If this explanation of the cyclotelluripentanedione condensation 
is correct, then it should be possible to bring about an interaction 
between tellurium tetrachloride and a monoketone, provided that 
the latter is capable of enolisation. The general chemistry of the 
monoketones provides many examples of reactions explicable on 
the supposition that the immediately effective reagent is a dynamic 
isomeride produced by enolic change : 


R-CO-CH, —. R-C(OH):CH,. 


Our earlier knowledge of organic tellurium derivatives is derived 
largely from the researches carried out by Michaelis and his pupils 
in the Rostock laboratories. An investigation dealing inter alia 
with monoketones is due to Rust (Ber., 1897, 30, 2833), who 
described the reaction in anhydrous ether between tellurium tetra- 
chloride and acetophenone as leading to telluriwm bisacetophenone 
dichloride (‘‘ dichlorotelluroacetophenon ”’), yellowish-white needles, 
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m. p. 186—187°. We have confirmed this observation except as 
regards the colour; we cannot substantiate the statement that 
“Mit gewohnlichen Aceton gelang es jedoch nicht, ein solches 
Produkt zu erhalten.” 

Although the experimental difficulties are greater in the case 
of acetone than with some of its immediate homologues, neverthe- 
less interaction does occur with the formation of telluriwm bisacetone 
dichloride, (CH,°CO-CH,),TeCl,. The yield is small—about 17% 
of theory—-due to the comparative instability of the purely aliphatic 
dichloride and also owing probably to the formation of an even 
more readily hydrolysable trichloride. The latter supposition is 
confirmed on passing to the next homologues of acetone, methyl] 
ethyl ketone and diethyl ketone, which furnish, respectively, 
in excellent yield fellurium methylethylketone trichloride, 
CH,°CH,°CO-CH,°TeCl,, and tellurium diethylketone trichloride, 
CH,°CH,*CO-CH(CH,)-TeCl,. 

The lengthening of the normal chain in di-n-propyl ketone does 
not appreciably modify this tendency, for in this case also the sole 
product is tellurium di-n-propylketone trichloride, 

CH,*[CH,],°CO-CH(C,H;)-TeCl,. 

On the other hand, methyl n-propyl ketone, methyl isopropyl 
ketone, methyl n-butyl ketone, and methyl isobutyl ketone resemble 
acetone itself in furnishing dichlorides (pp. 2628-9). 

Accordingly the two modes of reaction may be generalised as 
follows : 

1. R:C(OH):CHR’ “2 See R-CO-CHR’ 
Cc——TeC, —* a) te, 
2. R:C(OH):CHR’ . R-CCl(OH) )-CHR’ 
Cl,——TeCl, —> TeCl, —> (R-CO-CHR’),TeCl,. 
R:C(OH):CHR’ R-CCl(OH): CHR’ . (I1.) 
The case of pinacolin, or methyl tert.-butyl ketone, is noteworthy, 


for in this instance both products were identified, namely, telluriwm 
pinacolin trichloride (III) and tellurium bispinacolin dichloride (IV). 


(II1.) cH So. -CO-CH,’TeCl, lca Ho >CO-CH. + TeCl, (IV-) 


CH; CH 


With pinacolin the enolisation can occur only in one way, whereas 
in the other foregoing unsymmetrical ketones there are alternative 
possibilities of enolic change and these complications combined with 
the hydrolysable nature of the trichlorides have prevented the 
isolation of both telluriferous products. The respective solubilities 
of the di- and tri-chloro-derivatives vary irregularly with the 
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ascent of the homologous series, so that, except in the case of the 
pinacolin products, only the less soluble compound is isolated. 

Moreover, with the substitution of alkyl radicals for the hydrogen 
atoms of acetone there will be a diminished tendency for enolisation. 
With the §-diketones this substitution was found to be a deter- 
mining factor; diisobutyrylmethane, {(CH,),CH°CO},CH,, had 
lost the property of giving a cyclic tellurium derivative possessed 
by dibutyrylmethane, {CH,*CH,°CH,°CO},CH,. 

The effect of progressive alkylation of acetone has been tested. 
Methyl ethyl ketone, diethyl ketone, and methyl isopropyl ketone 
have given characteristic telluriferous derivatives. Two higher 
homologues, ethyl isopropyl ketone and diisopropyl ketone, also 
have been compared. The former undoubtedly reacts with tel- 
lurium tetrachloride, for the inorganic reagent passes into solution 
and hydrogen chloride is evolved. The telluriferous product is, 
however, oily and readily hydrolysable; so that it was not isolated. 

Diisopropyl ketone behaves entirely differently from all the 
other aliphatic ketones examined. Under the same experimental 
conditions, the tellurium tetrachloride remains undissolved, no 
hydrogen chloride is evolved, and both reagents may be recovered 
quantitatively. 

Our observations were extended to mixed ketones containing 
aromatic radicals, and the aliphatic homologues of acetophenone 
were shown to differ from this substance in yielding trichlorides. 
An exceptionally stable trichloride was also obtained from phenyl 
benzyl ketone. 

It is noteworthy that these arylated derivatives, including tel- 
lurium bisacetophenone dichloride, are colourless. The yellow tinge 
of the latter described by Rust may be due to a trace of the yellow 
etherate of tellurium tetrachloride due to the employment of dry 
ether as solvent (compare Rohrbaech, Annalen, 1901, 315, 9). 


ExPERIMENTAL. 


I. Aliphatic Ketones. 

Tellurium Bisacetone Dichloride, (CH,°CO-CH,),TeCl,—Two g. 
of redistilled acetone (2 mols.) were heated under reflux with 4:7 g. 
of tellurium tetrachloride (1 mol.) and 30 c.c. of dry chloroform. 
The turbid yellow solution rapidly evolved hydrogen chloride and 
after 40 minutes the filtrate from less than 0-1 g. of tellurium was 
concentrated to a brown syrup in a vacuum desiccator. A small 
portion was extracted with petroleum (b. p. 40—60°), dissolved in 
carbon tetrachloride, and the solution diluted with petroleum ; 
crystals then separated which were used for seeding the remainder 
of the syrup. The resulting crop of colourless needles was drained 
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on porous plates, when 0-9 g. was obtained, being 16-7%, of theory. 
Recrystallised from carbon tetrachloride and chloroform in equal 
volumes, the substance separated in colourless, nacreous plates, 
m. p. 126—128° (Found: C, 22:8; H, 3-35; Te, 40-7; Cl, 22-7. 
C,H,,0,Cl,Te requires C, 23-0; H, 3-2; Te, 40-8; Cl, 22-7%). 

Tellurium bisacetone dichloride also separated from chloroform 
and light petroleum in colourless crystals, a small amount of tel- 
lurium being eliminated. When reduced with aqueous bisulphite, 
the compound was decomposed with separation of tellurium. 

Tellurium Methylethylketone Trichloride, C,H,;-CO-CH,*TeCl,.— 
The boiling turbid yellow solution of 4 g. of tellurium tetrachloride, 
1-9 g. of methyl ethyl ketone, and 28 c.c. of dry chloroform rapidly 
evolved hydrogen chloride and only a trace of tellurium separated. 
On concentration the brown syrup yielded 3-5 g. of trichloride 
(75°% of theory), which crystallised from carbon tetrachloride in 
small, colourless, prismatic needles, m. p. 101—101-5° (Found: 
Cl, 34:7; Te, 42-35. C,H,OCI,Te requires Cl, 34:9; Te, 41-8%). 
The trichloride was readily soluble in chloroform; it decomposed 
slightly in boiling solvents and blackened on keeping. 

Tellurium Bismethyl-n-propylketone Dichloride, 

(C,H,°-CO-CH,),TeCl,. 

—The yellow solution from 3 g. of methyl n-propyl ketone (b. p. 
101-5—102°), 4-1 g. of tellurium tetrachloride, and 25 c.c. of chloro- 
form, when decanted from tellurium (0-2 g.) and concentrated to 
a syrup, did not solidify until triturated with petroleum; colourless 
needles then separated (0-8 g.). As this substance decomposed 
in contact with its mother-liquor, it was rapidly dried on porous 
tile and recrystallised from carbon tetrachloride; m. p. 92—93° 
(Found: Cl, 19-5; Te, 34:3. Cy9H,,0,Cl,Te requires Cl, 19-3; 
Te, 346%). 

Tellurium Bismethylisopropylketone Dichloride, 

{(CH,),CH-CO-CH,},TeCl,. 

—Methyl isopropyl ketone (3 g.), 4:1 g. of tellurium tetrachloride, 
and 28 c.c. of chloroform rapidly evolved hydrogen chloride and 
the concentrated solution yielded 3-4 g. of crystalline product 
(52°, of theory). The dichloride crystallised readily from carbon 
tetrachloride in colourless needles softening at 85° and melting 
at 90° (Found: Cl, 19-4; Te, 343. Cy 9H,,0,Cl,Te requires 
Cl= 19:3; Te = 346%). 

Tellurium Bismethyl-n-butylketone Dichloride, 

(C,H,°CO-CH,),TeCl,. 

—Methyl] n-butyl ketone (3 g.), 2-7 g. of tellurium tetrachloride, 
and 20 c.c. of chloroform were treated as in the preceding preparation. 
The brown syrup yielded no solid product until extracted with 


TELLURIUM TETRACHLORIDE AND MONOKETONES. 2629 


petroleum to remove unchanged ketone. This extract yielded a 
small amount of solid, and a further amount was obtained by 
extracting the residual oil with carbon tetrachloride (total yield 
1-1 g.). After two crystallisations from this solvent, nacreous, 
colourless plates were obtained, m. p. 62° (Found: Cl, 17:8. 
CyoH,,0,Cl,Te requires Cl, 17-9%). 

Tellurium Bismethylisobutylketone Dichloride, 

{(CH,),CH-CH,°CO-CH,},TeCl,. 

—The addition of 3-6 g. of tellurium tetrachloride to 3 g. of methyl 
isobutyl ketone in 20 c.c. of chloroform resulted in a bulky, yellow 
precipitate, which decomposed rapidly on exposure to the atmo- 
sphere. On heating the mixture under reflux, this precipitate 
dissolved with evolution of hydrogen chloride, and the clear brown 
solution on concentration yielded 2-7 g. of colourless needles (45-5% 
of theory). Recrystallised from carbon tetrachloride, the sub- 
stance separated in colourless plates, m. p. 95°; the acicular form 
gave the same mixed melting point (Found: Cl, 17-8; Te, 31-75. 
C,,H,.0,Cl,Te requires Cl, 17-9; Te, 32-2%). 

Tellurium Diethylketone Trichloride, CH,*CH,*CO-CH(CH,)-TeCl,. 
—Less than 0-1 g. of tellurium was eliminated on boiling together 
2 g. of diethyl ketone, 3-1 g. of tellurium tetrachloride, and 22 c.c. 
of dry chloroform; the filtrate on concentration yielded several 
crops of trichloride (3-1 g. or 84-6% of theory). Recrystallised 
from carbon tetrachloride, the trichloride separated in colourless 
plates, m. p. 77—78° (Found: Cl, 33-4; Te, 40-5. C;H,OCI,Te 
requires Cl, 33-5; Te, 40-0°%). The trichloride decomposed slightly 
in hot solvents. 

Tellurium Di-n-propylketone Trichloride, 

CH,°CH,°CH,°CO-CH(CH,°CH,)-TeCl,. 
—The concentrated solution from 3 g. of tellurium tetrachloride, 
1-3 g. of butyrone, and 20 c.c. of chloroform deposited masses of 
greyish-brown, silky needles (3 g. or 77° of theory). Recrystal- 
lised from carbon tetrachloride and petroleum, the trichloride was 
obtained in colourless needles, m. p. 70° (Found: Cl, 30-7; Te, 
37-1. C,H,,0Cl,Te requires Cl, 30:7; Te, 36-7%). 

This trichloride was somewhat unstable in hot acetone and 
underwent hydrolysis on exposure to moist air. 

Interactions of Tellurium Tetrachloride and Pinacolin.—The 
turbid yellow solution of 2-5 g. of pinacolin, 3-4 g. of tellurium 
tetrachloride, and 25 c.c. of chloroform evolved hydrogen chloride 
on boiling and after 40 minutes the brown liquid, when treated with 
half its bulk of petroleum (b. p. 40—60°), yielded tellurium pinacolin 
trichloride (formula IIT) in colourless plates. When this was recrys- 
tallised from carbon tetrachloride, some elimination of tellurium 
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occurred in the hot solvent; the filtrate deposited colourless, 
rhomboidal platelets softening at 110° and melting at 114—115°. 
The yield was 0-9 g. or 21°, of theory (Found : Cl, 32-0; Te, 38-1. 
C,H,,O0CI,Te requires Cl, 32:0; Te, 38-3%). 

The mother-liquor from the trichloride preparation furnished on 
concentration a crystalline residue which after two crystallisations 
from carbon tetrachloride separated in colourless needles, m. p.- 
191—192°; yield 1-6 g. or 26% of theory (Found: C, 36-0; H, 
5-7; Cl, 18-25; Te, 32-3. C,,H,.0,Cl,Te requires C, 36-3; H, 5-55; 
Cl, 17-9; Te, 32-2%). 

Tellurium bispinacolin dichloride (formula IV) was much more 
permanent in air than the preceding trichloride, but all attempts 
at removing the chlorine were unsuccessful; the use of potassium 
metabisulphite or neutral sodium sulphite (Vernon, J., 1920, 117, 
892) led to elimination of tellurium. 

Interaction of Tellurium Tetrachloride and Ethyl isoPropyl Ketone. 
—Fifteen g. of diethyl ketone were alkylated with methyl iodide 
and caustic potash at 120—130° (Nef, Annalen, 1900, 310, 325). 
The product was fractionated and ethyl isopropyl ketone boiling 
at 114—116° was employed in the following condensations. Tel- 
lurium tetrachloride (2-7 g.) was readily dissolved by boiling in 
20 c.c. of dry chloroform containing from 1 to 2 g. of the ketone. 
Hydrogen chloride was evolved, only a small amount of tellurium 
(0-1 g.) was eliminated, and on concentration a brown syrup was 
obtained which did not, however, yield a crystalline product. 
Extraction with organic solvents and the addition of hydrogen 
bromide or ferric chloride also failed to furnish solid derivatives. 
On exposure to air the oily syrup slowly evolved hydrogen chloride, 
and the final residue contained only inorganic compounds of 
tellurium. 

Tellurium Tetrachloride and Diisopropyl Ketone.—Diisopropyl 
ketone, b. p. 123—124°, was prepared by Nef’s method (loc. cit.) 
from ethyl isopropyl ketone and purified through its crystalline 
oxime (m. p. 28°), which was distilled under reduced pressure and 
hydrolysed with concentrated hydrochloric acid. Tellurium tetra- 
chloride (2-5 g.) was boiled for an hour with 2 g. of diisopropyl 
ketone and 20 c.c. of dry chloroform, a process which in all the 
preceding experiments had led to condensation. In this case, 
however, the tellurium tetrachloride remained insoluble and 
unchanged. 


II. Mixed Ketones containing Aromatic Radicals. 


Tellurium bisacetophenone dichloride, prepared by Rust (loc. 
cit.) by heating 2 mols. of acetophenone with 1 mol. of tellurium 
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tetrachloride in dry ether, was then described as crystallising in 
yellow needles, m. p. 186—187°. 

Three g. of acetophenone, 3-5 g. of tellurium tetrachloride, and 
15 c.c. of chloroform were boiled under reflux and the dark brown 
solution was concentrated to a crystalline mass of dichloride. 
After two crystallisations from chloroform, tellurium bisaceto- 
phenone dichloride separated in colourless needles, m. p. 186— 
187° (Found: Cl, 16-2. Calc., Cl, 16-39%). Reduction of this 
dichloride with potassium metabisulphite led to the elimination of 
tellurium. 

Tellurium Phenylethylketone Trichloride, 

C,H;°CO-CH(CH,)-TeCl,. 
—After boiling for 45 minutes, the solution of 3 g. of tellurium 
tetrachloride, 3 g. of phenyl ethyl ketone, and 25 c.c. of chloroform 
was concentrated to the crystallising point. The solid (2-5 g. or 
61% of theory) was crystallised from carbon tetrachloride in a dry 
atmosphere to obviate hydrolytic decomposition by moisture, when 
large, colourless, rhomboidal prisms separated, m. p. 114—115° 
(Found : C, 29-1; H, 2-5; Cl, 29-0; Te, 35-0. C,H,OCI,Te requires 
C, 29-4; H, 2-45; Cl, 29-0; Te, 34:7%). 
Tellurium Phenyl-n-propylketone Trichloride, 
C,H,;*CO-CH(CH,°CH,):TeCl,. 
—The condensation of 2-8 g. of tellurium tetrachloride and 3 g. of 
phenyl »-propyl ketone in 20 c.c. of chloroform was carried out 
as in the preceding preparation. On concentration, 2-8 g. of solid 
were obtained (71% of theory). Recrystallised from carbon tetra- 
chloride, the product separated in colourless prisms blackening at 
122° and melting at 128—129° (Found: Cl, 27-7; Te, 33-1. 
C,9H,,0CI,Te requires Cl, 27-95; Te, 33-5%). 
Tellurium Phenylbenzylketone Trichloride, 
C,H;-CO-CH(C,H;)-TeCl,. 
—Phenyl benzyl ketone was prepared by reduction of benzoin with 
zinc dust and glacial acetic acid (Sudborough, J., 1897, 74, 219). 
Two g. were condensed with 2-7 g. of tellurium tetrachloride in 
20 c.c. of chloroform. The concentrated solution furnished a 
greyish-green, crystalline mass (2-6 g. or 60% of theory), which 
was recrystallised from carbon tetrachloride or from chloroform- 
petroleum, when colourless, facetted prisms were obtained, m. p. 
142—143° (Found: Cl, 24:7; Te, 30-1. C,,H,,OCI,Te requires 
Cl, 24-8; Te, 29-7%). 

This trichloride was readily reduced by aqueous potassium 
metabisulphite to a yellow solid, which, however, was very unstable 
and decomposed rapidly either on exposure or in chloroform 
solution. 
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CCCLXI.—Trypanocidal Action and Chemical Con- 
stitution. Part II. Arylamides of 4-Aminophenyl- 
arsinic Acid. 


By Haroxtp Kine and WILLIAM OWEN MoRrcu. 


In Part I (J., 1924, 125, 2595), about 25 arylamides of 4-amino- 
phenylarsinic acid were described with their toxicities to mice 
and their curative action on experimental trypanosomiasis in 
mice. Of this series of substances, the one clearly indicated for 
further development was 3’-aminobenzoyl-4-aminophenylarsinic 
acid (II; R =H), which had a toxicity of 0-6 and a temporary 
curative action in a dose of 0-18 milligram per gram of mouse. 


NO, NH, 
R -SCONHY As0,H,>R& SCONH( As0,H, 


bed a Masi Miatid 
(I.) | (II.) 
Pasay pane 
NHY j m 
“~ p9 NK _ Pesos —> RK Po ae PAsOsHs 
(III.) (IV.) 

There were two obvious ways of modifying this structure with 
a view to following the change in its curative action. The one was 
to replace the m-aminobenzoyl group by other m-aminobenzoy] 
radicals substituted in the p-position. The parent p-substituted 
m-nitrobenzoic acids are readily accessible in quantity, provided 
the p-substituent is op-directive, by starting from the p-substi- 
tuted anilines, which by the Sandmeyer reaction, for the prepar- 
ation of nitriles, saponification, and nitration yield the required 
p-substituted m-nitrobenzoic acids. Anisic acid is, however, more 
readily accessible from anethole, MeO-C,H,-CH:CHMe, a process 
having been evolved whereby it may be obtained in large quantities 
in almost quantitative yield. 

The other way was to re-nitrate the mononitroarylamide (I) in 
the hope that the main product would be a dinitroarylamide of the 
type (III), which would give a series of interesting diamines (IV). 
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This has now been done, a series of p-substituted m-nitrobenzoic 
acids having been prepared in which R = Me, OMe, OEt, O-CO,Et, 
or Cl. These readily yield the corresponding acid chlorides, which 
can be introduced into 4-aminophenylarsinic acid in 40—80% 
yield by suitable modifications of the Schotten-Baumann method, 
ethylcarbonatonitrobenzoyl chloride, for instance, being relatively 
sensitive to hydroxyl ions, necessitating the use of sodium acetate 
as halogen acid fixative. The corresponding aminoarsinic acids 
were obtained by reduction with ferrous chloride and alkali in 
55—95% yield, the ethylcarbonatonitrobenzoyl-4- aminophenylarsinic 
acid (V) being first converted into the hydroxynitro-acid (VI) by 
alkali. 

NO, 


(v.) B0,0-0¢ Co: — _ 


* ma. ° 
HOK C0: NHC | >AsOsH, (VE) 


The maximum dose tolerated by mice, expressed in milligrams 
per gram of mouse, of the six isomeric nitro-benzoylarsinic acids (I) 
with variation of the group R is shown below : 


Dy We cs incanrwrnncs H. Me. OMe. OEt. OH. Cl. 
Dosis tolerata 0-6 0-2 0-2 0-2 0-8 0-2 


whereas for the corresponding amino-acids (II) the maximum 
tolerated dose and the minimum curative dose on T'rypanosoma 
equiperdum in mice are given, 


Be Se weswarseosssockees Hi. . Me. OEt. OH. Cl. 

Dosis tolerata ° “§ ° 0-6 0-5 0-1 

Dosis curativa , . : 0-6 0-2 0-075 

3) (r (r = 10) (r = 7) 

r signifying the number of days during which the blood-stream 
remains free from trypanosomes. Of this group, two members 
have effected permanent cures in mice and of these two the p-meth- 
oxy-derivative was superior to the p-chloro-derivative. 

Aminohydroxybenzoyl-4-aminophenylarsinic acid, the reduction 
product of (VI), was of special interest because it contained the 
o-aminophenol grouping of salvarsan (VII) and could therefore 
be reduced to an arseno-derivative (VIII), soluble in alkalis and 
suitable for experimental mg on trypanosomiasis. 


Ni 
ii fond Sax| ‘ond _ CONE As =| — 


This arseno-base was ten te as toxic (7' = 0-05) as its parent 
amino-acid and on two-fifths of this dose (C = 0-02) a temporary 


2634 KING AND MURCH: TRYPANOCIDAL ACTION 


cure of mice was effected for 7 days. The therapeutic indices, 
C/T, for the parent amino-acid and its arseno-derivative are thus 
identical. Both are far inferior to salvarsan. 

The acetylation of the amino-groups in substituted arsinic acids 
can readily be effected by dissolving in alkali and shaking with 
excess of acetic anhydride. When applied to the o-aminophenol 
grouping in 3’-amino-4’-hydroxybenzoyl-4-aminophenylarsinic acid, 
a practically quantitative yield was obtained of the ON-diacetyl 
derivative, which, on standing in solution in N-sodium hydroxide, 
gave the N-acetyl derivative. ON-Diacetylation under such con- 
ditions has apparently only once previously been observed, by 
Raiford and Greider (J. Amer. Chem. Soc., 1924, 46, 430), who 
obtained some diacetyl derivative on acetylation of o-aminophenol 
in sodium hydroxide solution, it having been overlooked by Lumiére 
and Barbier (Bull. Soc. chim., 1905, 33, 783), who recommended 
aqueous acetylation. It seems, however, to be a general method 
for the preparation of ON-diacetyl derivatives, provided the pro- 
duct, when once it is formed, is never subjected to high concen- 
trations of hydroxyl ions. Applied to o-aminophenol-p-arsinic 
acid, it readily yields the ON -diacetyl derivative. 3’-Acetylamino- 
4’-acetoxybenzoyl-4-aminophenylarsinic acid proved to be devoid of 
trypanocidal action. 

The avenue opened by the curative action of aminoanisoylamino- 
phenylarsinic acid was explored by the preparation of its N-acetyl 
and N-carbethoxy-derivatives, of its formaldehydesulphoxylate and 
its carbamide. Of these four substances, the former two were 
tested therapeutically, but proved to be devoid of trypanocidal 
action. As this might be ascribed to loss of amphoteric character 
through acylation of the amino-group by non-basic radicals, two, 
more complex, tri-nuclear amides were prepared, namely, the 
3”’-aminobenzoyl-(R = H) and 3’’-amino-4"’-anisoyl-(R = OMe) de- 
rivatives of 3’-amino-4’-anisoyl-4-aminophenylarsinic acid (IX) 
in which amphoteric character was preserved. These also were 
devoid of trypanocidal action. 


AsO Hy NE ee 


The nitration of a series of p-substituted benzoic acids in which 
the p-substituent is Me, OMe, OEt, O-CO,Et, or Cl has enabled 
us to effect both a comparison of the relative ease of nitration of 
these benzoic acids and the relative ease of replacement of the 
carboxyl group by the nitro-group during nitration. The first 
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three acids are readily nitrated on the water-bath by 70% nitric 
acid; the last two are unaffected by acid of this strength, but are 
nitrated in 76 and 90% yield, respectively, by 94% nitric acid. 
If other comparable observations from the literature be included, 
the following series is obtained : 

HNO, % «2.000000 14—30%. 70%. 92—94%, 

Fh =e scpeoessexsaees OH,1NMe,?. Me,OMe,OEt. F,*Br,*Cl,O-CO,Et. 

() Griess, Ber., 1887, 20,408. ‘2) Reverdin, Ber., 1907, 40, 2442. ©) Rouche, 
Bull. Acad. roy. Belg., 1921, 534. “) Hiibner, Philipp, and Ohly, Annalen, 
1867, 143, 248. 


This series is substantially the one to be expected from a con- 
sideration of the relative directive powers of a member of any one 
of these groups in competition with a member to the right of it, 
for nitric acid, the two substituents being situated in the para- 
or ortho-positions with respect to each other. Thus there is ample 
evidence in the literature that when either OH or NMe, is set 
against Me, OMe, OEt, F, Cl, Br in the para-position, the NO, 
group enters mainly ortho to OH or NMe,; when the two groups 
are in the ortho-position to each other, the evidence, although not 
so complete, supports the same conclusion. Again, when MeO or EtO 
is set against Cl or Br in the para- or ortho-position, the NO,-group 
is preferentially directed ortho or para respectively to the MeO or 
EtO group in both cases, but, in the relative directive powers of Me 
and halogens there is an element of doubt.* In 1912, Holleman 
and Wibaut (Proc. K. Akad. Wetensch. Amsterdam, 15, 594), from 
the nitration of o-, m-, and p-chlorotoluenes, drew the conclusion 
that chlorine induces a velocity of substitution 1-5 times as great 
as that caused by the methyl radical. Later, however, Holleman 
(Rec. trav. chim., 1915, 34, 283) found that in the nitration of 
p-bromotoluene the methyl group had undoubtedly the superior 
orienting power. The latter result is more in accord with our 
own observations. We have been unable to find in the literature 
anything bearing on the relative orienting influence of the O-CO,Et 
group on an entering nitro-group. The relative directive powers 
for ortho-substitution of a nitro-group may therefore be written 
in the order OH,NMe, > Me,OMe,OEt > F,Cl, Br,O-CO,Et. 

In every case during nitration partial replacement of the carb- 
oxyl group by the nitro-group takes place with formation of p-sub- 
stituted nitrobenzenes and is evidently a general phenomenon. 
This is contrary to the view of Rouche (loc. cit.), who claimed 
that there was no formation of chloro- or bromo-nitrobenzenes 
by nitration of the chloro- or bromo-benzoic acids. In addition, 

* This is confirmed by the recent work of Francis, Hill, and Johnston (J. 
Amer. Chem. Soc., 1925, 47, 2231). 
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further nitration to 2: 4-dinitro-derivatives takes place to some 
extent depending on the time of heating. The relative yields of 
non-acidic fractions obtained on pouring the nitration mixtures 
into water are shown below. 


F.} OMe. OEt. 
11 11-5 14 
92 70 70 

120 30 10 


1 Rouche loc. cit. 


Owing to the variation in strength of nitric acid used and the 
time of heating, the only deductions allowable are that O-substi- 
tuents and possibly fluorine greatly facilitate replacement of CO,H 
by NO,, and that O-CO,Et has a different relative orienting power 
to para-substitution from that which it has to ortho-substitution. 
It would be of interest to know whether the accumulation of groups 
in 3:4: 5-trimethyl-, trichloro-, or trifluoro-benzoic acids would 
enhance the ease of replacement of CO,H by NO, just as accumul- 
ation of the MeO results in increased displacement of the formyl 
(Salway, J., 1909, 95, 1155) or carboxyl (Harding, J., 1911, 99, 1585) 
grouping. The sulpho-group also is replaced to the extent of 5% 
by the nitro-group during the nitration of p-toluenesulphonic acid, 
as will be shown in a future communication. 

For the saponification of p-toluonitrile, Herb (Annalen, 1890, 
258, 10) recommended the use of 75% sulphuric acid. When 
applied to p-ethoxybenzonitrile, EtO-C,H,°CN, this had an un- 
expected result, phenol-p-sulphonic acid, OH-C,H,°SO,H, being 
formed in good yield and no trace of the required carboxylic acid. 
A weaker sulphuric acid (60°), however, yielded the required acid 
and amide in satisfactory yield. 

The dinitration of this series of mononitroarylamides (I) proceeds 
smoothly, but, as might be anticipated, only yields exclusively one 
product (III) when R is H, Me, or Cl. When R is OMe or OEt, 
a mixture of two dinitro-acids is obtained which is from a practical 
point of view not separable into its components, but the com- 
position of which can readily be determined by an examination of 
the products of hydrolysis. The isomeric dinitro-acid has the 
structure (X), and the two arsinic acids obtained on hydrolysis of 
this and its isomeride (III) are almost quantitatively separable 

me yan conn’ — 

/ Now me . \ 

so paced N H¢ _/As03H; os Oe a SP rte 
NO, (X.) 

by 0-5N-hydrochloric acid. By this means it has been shown 

that whereas in the cases where R = H, Me, or Cl, the second 
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NO,-group enters a different nucleus from the one in which the 
NO,-group is already present, when R = OMe or OEt, the NO,- 
group is distributed between the two nuclei in the ratios 3:7 and 
3:5, respectively, in favour of the nucleus without a NO,-group. 
The diamines (IV) were obtained on reduction with ferrous chloride 
and alkali. 

The toxicities and curative action of the dinitro- and diamino- 
arsinic acids, where determined, are given below : 


Dinitro-acids. Diamino-acids. 
Ps onic a cadeansecccues 


Dosis tolerata 
Dosis curativa 


Comparison of this table with the previous one for the mono- 
amino-acids shows that the introduction of a second amino-group 
lowers the toxicity many-fold, and at the same time the sub- 
stances acquire permanent curative properties. It is of interest 
that 3 : 3’-dinitrobenzoyl-4-aminophenylarsinic acid causes a tem- 
porary disappearance of trypanosomes from the blood-stream for 
2 days. The isomeric 3’ : 5’-dinitrobenzoyl-4-aminophenylarsinic 
acid was prepared, but attempts to isolate the arsinic acid con- 
taining the m-phenylenediamine group from it by reduction were 
unsuccessful. 

We desire to acknowledge our indebtedness to Miss F. M. Durham 
and Miss J. Marchal of this department for the painstaking care 
with which they have determined the toxicities and trypanocidal 
action of the compounds described in this paper. 


EXPERIMENTAL. 

3: 3'-Dinitrobenzoyl-4-aminophenylarsinic Acid (III; R = H).— 
Benzoyl-p-aminophenylarsinic acid (19-3 g.) dissolved in 45 c.c. of 
sulphuric acid was nitrated at 0° by addition of a mixture of 8-5 c.c. 
of nitric acid (d 1-4) and 11-4 c.c. of sulphuric acid. The crude 
product obtained by pouring on to ice was collected, allowed to 
air-dry, and digested on the water-bath with 100 c.c. of glacial 
acetic acid. The product was now crystalline and the filtrate could 
be used for subsequent batches. The yield was 92° of the theor- 
etical. This acid crystallised from 170 parts of boiling glacial 
acetic acid in fine, silky needles, forming a monohydrate (Found : 
Loss at 100°, 5:1, 5-0. 1H,O requires loss, 42%. Found: As, 
18-1. C,3;H,90,N,As requires As, 18-2°%). With alkali (1 mol.), 
it forms sparingly soluble sodiwm and potassium salts. 

Hydrolysis of 3 :3'-Dinitrobenzoyl-4-aminophenylarsinic Acid.— 
(a) With acid. When the dinitro-acid (8-2 g.) was boiled for 2 hours 
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with 100 c.c. of 16% hydrochloric’ acid, it was recovered mainly 
unchanged (6-4 g.). The other products isolated were a small 
quantity of o-nitroaniline, m-nitrobenzoic acid, and 3-nitro-4-amino- 
phenylarsinic acid. 

(b) With alkali. The dinitro-acid (6-3 g.) was boiled for 2 hours 
with 100 c.c. of N-sodium hydroxide. Practically quantitative 
yields were obtained of m-nitrobenzoic acid and 3-nitro-4-amino- 
phenylarsinic acid. There was no o-nitroaniline found. 

3 : 3’-Diaminobenzoyl-4-aminophenylarsinic Acid (IV; R = H).— 
The dinitro-acid (16-4 g.) was dissolved at — 5° in 292 c.c. of 2N- 
sodium hydroxide and treated with 101 g. (10% excess) of ferrous 
chloride dissolved in 124 c.c. of water. ‘To the mixture 292 c.c. 
of 2N-sodium hydroxide were added, the temperature throughout 
being below 0°. The ferric hydroxide was filtered off and extracted 
three times by thorough mixing with 600 c.c. of 0-2N-sodium 
hydroxide each time. The combined filtrates were made neutral 
to Congo-paper and after keeping for 24 hours at 0° the separated 
diamino-acid was collected. The filtrate was made alkaline with 
concentrated ammonia, treated with 50 c.c. of magnesium chloride 
solution (1:1), and heated for 30 minutes in the boiling-water 
bath. The precipitated magnesium salt was collected, dissolved 
whilst still damp in N-hydrochloric acid, and the acidity to Congo- 
paper removed by addition of saturated sodium acetate solution. 
The diamino-acid crystallised readily (total yield was 7-8 g. or 
56%). The diamino-acid so prepared crystallises in clusters of 
leaflets. It diazotises and couples with alkaline $-naphthol with 
production of a deep red colour (Found: As, 20-9. C,,H,,0,N,As 
requires As, 21-3°%). 

3 : 5-Dinitrobenzoic Acid.—The following process is an improve- 
ment on that of Shukov (Ber., 1895, 28, 1800). 

Ten g. of fused benzoic acid were dissolved in 100 g. of sulphuric 
acid and treated with 18-2 c.c. of fuming nitric acid. The solution 
was heated on the water-bath for 10 hours and poured into a litre 
of ice and water. The product (10 g.), m. p. 202°, was washed 
with a little hot water and reprecipitated from dilute ammonia. 
It then melted at 203—204°. 

3’ : 5’-Dinitrobenzoyl-4-aminophenylarsinic Acid (X; R= H).— 
Sodium p-aminophenylarsinate pentahydrate (25—26 g.) dissolved 
in 320 c.c. of 5% sodium hydroxide and cooled to — 3° was treated 
with 40 g. (2 mols.) of 3: 5-dinitrobenzoyl chloride dissolved in 
toluene. The mixture was stirred for 45 minutes after all the acid 
chloride had been added. After acidification, the mixture of acids 
was collected, dried, and extracted with ether. The insoluble 
arsinic acid was reprecipitated from ammoniacal solution (yield 
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84%). This dinitro-arsinic acid crystallises from 80 parts of boiling 
90% formic acid in fine needles. In glacial acetic acid it is much 
less soluble (Found: As, 18-3. C,,H,,O,N,As requires As, 18-2%). 
The maximum tolerated dose for mice is 0-5 mg. per g. of mouse. 
Attempts to obtain the diamino-arsinic acid by reduction in alkaline 
solution with ferrous chloride were unsuccessful. 

2-Nitro-p-toluic Acid.—This acid was prepared by the following 
process, which is an improvement on that of Fittig and Ramsay 
(Annalen, 1873, 168, 251). p-Toluic acid (20 g.) was suspended 
in 200 c.c. of nitric acid (d 1-4) and heated on the water-bath for 
30 minutes. On pouring into water, the yield of nitro-acid was 
23-5 g., m. p. 186—187°. By ether extraction of the acid in alkaline 
solution, 0-4 g., and of its aqueous mother-liquor, 0-6 g., of crude 
p-nitrotoluene were obtained, m. p. 51°. 

2-Nitro-p-toluoyl chloride, prepared by the action of phosphorus 
pentachloride, boils at 167—168° (corr.)/16 mm. and melts at 
20—21° (corr.). This acid chloride has recently been described as 
an oil (Johnson and Soderman, J. Amer. Chem. Soc., 1925, 47, 
1392). 

3’-Nitro-4'-toluoyl-4-aminophenylarsinic Acid (I; R= Me).— 
This acid was prepared in the same way as p’-nitrobenzoyl-p-amino- 
phenylarsinic acid (J., 1924, 125, 2602). The acid chloride, how- 
ever, reacts so slowly that stirring has to be continued for 2 or 
3 hours. The mixed acids obtained on acidification were dried 
and extracted with ether in a Soxhlet apparatus (yield 55%). 

This arsinic acid is sparingly soluble in boiling acetic or 
formic acid and crystallises in small needles (Found: As, 19-6. 
C,,;H,,0,N,As requires As, 19-7%). 

3'-Amino-4'-toluoyl-4-aminophenylarsinic Acid (II; R= Me).— 
3’-Nitrotoluoyl-4-aminophenylarsinic acid (11-4 g.) was dissolved 
in 110 c.c. of chilled 2N-sodium hydroxide and 40 g. of ferrous. 
chloride (20% excess) in 50 c.c. of water were run in, the tem- 
perature being maintained between 0° and — 5°. Finally, 130 c.c. 
of 2N-sodium hydroxide were added. The ferric hydroxide was 
filtered off and extracted with two successive portions each of 
240 c.c. of 0-4N-sodium hydroxide. The combined filtrates were 
neutralised to Congo-paper, and the crude acids collected. These 
were warmed with successive portions of N-hydrochloric acid at 
50° until no diazotisable material was left. On addition of satur- 
ated sodium acetate solution to the successive filtrates, the amino- 
arsinic acid was precipitated in fan-shaped clusters of small, white 
needles. A further small quantity can be isolated from the first 
precipitation mother-liquors by addition of ammonia and magnesium 
chloride and heating the solution. The magnesium salt separates. 
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readily, is dissolved in excess of N-hydrochloric acid, and the free 
acid precipitated by sodium acetate. The yield was 5-7 g. or 54% 
of the theoretical. 

This amino-arsinic acid is very sparingly soluble in cold 3N- 
mineral acids, but dissolves readily on warming. The hydro- 
chloride crystallises in small needles, the nitrate in minute needles, 
and the sulphate in square plates. It diazotises and couples with 
alkaline 8-naphthol with production of a blood-red colour (Found : 
As, 21-2. C,,H,,0,N,As requires As, 21-4%). 

3 : 3’-Dinitro-4'-toluoyl-4-aminophenylarsinic Acid (III; R = Me). 
—The mononitro-acid (7-5 g.) dissolved in sulphuric acid (20 c.c.) 
was nitrated at 0° with a mixture of 1-9 c.c. of sulphuric acid and 
1-4 c.c. of nitric acid (d 1-4). The yellow solid obtained on pouring 
on to ice was collected and when digested on the water-bath with 
glacial acetic acid became crystalline (yield 8 g.). This dinitro- 
acid is sparingly soluble in boiling acetic or formic acid and crystallises 
in needles (Found: As, 17-7. C,,H,,0,N,As requires As, 17-6%). 

Hydrolysis of 3 : 3'-Dinitro-4'-toluoyl-4-aminophenylarsinic Acid. 
—Two g. of the acid were boiled for 2 hours with 30 c.c. of N-sodium 
hydroxide. The acids obtained (2-05 g.) on neutralisation to Congo- 
paper were extracted in a Soxhlet apparatus with ether. The ether- 
soluble portion (0-8 g.) consisted of pure 2-nitro-p-toluic acid, and 
the ether-insoluble portion of 3-nitro-4-aminophenylarsinic acid 
(1-25 g.), the yields being practically quantitative. 

3 : 3’-Diamino-4'-toluoyl-4-aminophenylarsinic Acid (IV; R= 
Me).—The dinitro-acid (8-5 g.) was reduced in the way described 
for the acid without the methyl group (above), save that it was 
found advantageous to increase the excess of ferrous chloride 
used from 10% to 20%, and with it the amount of alkali to secure 
faint alkalinity at the end of the reduction. The alkaline filtrates 
from the ferric hydroxide extraction, on neutralisation to Congo- 
paper, gave no precipitate of diamino-acid. The acid was, however, 
precipitated as the magnesium salt in ammoniacal solution by 
heating on the water-bath. The magnesium salt was dissolved in 
70 c.c. of N-hydrochloric acid, and the diamino-acid liberated by 
addition of saturated sodium acetate solution (yield 4-2 g. or 57%). 

This diamino-arsinic acid separates, when liberated as described 
above, in sphero-crystals (Found: As, 20-4. C,,H,,0,N,As 
requires As, 20-5%). Diazotised with sodium nitrite in hydro- 
chloric acid solution, it turns yellow and couples intensely with 
alkaline 6-naphthol with production of a brownish-red colour. 

Preparation of Anisic Acid.—Pure crystalline anethole (11-1 g.) 
was stirred vigorously with 50 c.c. of water at room temperature, 
and 34-4 g. of potassium permanganate in 1075 c.c. of water were 
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added at a constant rate within 75 minutes. No attempt was 
made to regulate the temperature, which at its maximum was 
below 35°. The very slight excess of permanganate was reduced 
by warming with alcohol. After filtration, and extraction of the 
manganese oxides with dilute alkali, the combined filtrates gave, 
on acidification, 9-0 g. of almost pure anisic acid. An aliquot 
portion of the filtrate extracted with ether indicated the presence 
of a further 1-5 g. of equally pure anisic acid. The total yield is 
about 92% of the theoretical. 

Oxidation at room temperature with 32 g. of permanganate 
(4 atoms of oxygen) and with addition of 12 g. of potassium hydr- 
oxide gave 4-6 g. of anisic acid and 2-3 g. of anisaldehyde (semi- 
carbazone, m. p. 216—217° corr.; Walbaum, J. pr. Chem., 1903, 
68, 235, gives m. p. 203—204°). 

Oxidation at 0° gave 6-6 g. of a mixture of anisic acid and anisyl- 
ketocarboxylic acid and 0-85 g. of anisaldehyde. 

Oxidation of pure anethole by Ladenburg and Fitz’s method as 
applied to oil of anise, using potassium dichromate and sulphuric 
acid, gave a 47% yield of anisic acid. 

3-Nitro-4-anisoyl Chloride.—3-Nitroanisic acid was prepared by 
Auwers’s method (Ber., 1897, 30, 1477) by heating 20 g. of anisic 
acid with 200 c.c. of nitric acid (d 1-4) on the water-bath for 30 
minutes. From 75 g. of anisic acid there were obtained 3-7 g. 
of a non-acidic fraction which on distillation gave 2-65 g., m. p. 
54—55°, b. p. (external bath temperature) 170°/20 mm. These 
constants agree with those of 4-nitroanisole. The non-volatile 
residue (1-0 g.), on two crystallisations from alcohol, gave 2 : 4-di- 
nitroanisole (0-45 g.), m. p. 87°. In another experiment which 
was strictly comparable with the nitration of p-toluic acid, there 
were isolated from the nitration of 20 g. of anisic acid, 20-2 g. of 
nitroanisic acid, m. p. 190°; by ether extraction of this nitro-acid 
in alkaline solution, 2-3 g. of nitroanisoles, m. p. 84°; and by ether 
extraction of the original aqueous mother-liquor, 1-45 g. of nitro- 
anisoles, m. p. 45°. The nitroanisic acid was converted into 3-nitro- 
4-anisoyl chloride by phosphorus pentachloride. This boils at 
210°/15 mm., is sparingly soluble in low-boiling petroleum, but 
readily soluble in warm ether, from which it crystallises in broad 
needles, m. p. 52:5—53-5° (corr.). 

3'-Nitro-4'-anisoyl-4-aminophenylarsinic Acid (I; R = OMe).— 
This nitro-acid was prepared in the same way as the corresponding 
toluoyl derivative. The yield was 48-3%. It is soluble in boiling 
formic acid and crystallises therefrom in needles, but is sparingly 
soluble in boiling acetic acid, from which it separates in woolly 
needles (Found: As, 18-9. C,,H,,0,N,As requires As, 18-9%). 
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3’-Amino-4'-anisoyl-4-aminophenylarsinic acid (Il; R = OMe) 
was prepared exactly as described for the corresponding toluoyl 
derivative. The yield was 95%. When liberated from concen- 
trated solutions of its salts with acids by means of saturated sodium 
acetate, it separates in a gelatinous state, but from dilute solutions 
in needles. The gelatinous form passes into the crystalline on 
contact with the needles. It is not soluble in acids weaker than 
3N in the cold, but dissolves readily on warming. The most 
characteristic salt is the hydrochloride, which crystallises well in 
wedge-shaped plates. The sulphate separates in sphero-crystals, 
the nitrate in microscopic, woolly needles. It diazotises and couples 
with alkaline 6-naphthol with production of a bright red colour 
(Found: As, 20-2. C,,H,,O;N,As requires As, 20-5%). 

3’-Acetylamino-4'-anisoyl-4-aminophenylarsinic acid is most con- 
veniently prepared by shaking the amino-acid, dissolved in N-sodium 
hydroxide (4 mols.), with excess of acetic anhydride. The yield is 
quantitative (Found: As, 18-8. C,,H,,O,N,As requires As, 
18-4%). This acid is almost insoluble in boiling acetic acid, but 
extremely soluble in cold 90% formic acid. From more dilute 
formic acid it separates, anisotropic, in sphero-crystals. The 
maximum dose tolerated by mice is 1-5 mg. per g. of mouse. 
Attempts to prepare the propionyl derivative by the same method 
were fruitless. 

Action of Sodiwm Formaldehydesulphoxylate on 3'-Amino-4'- 
anisoyl-4-aminophenylarsinic Acid.—The amino-acid (5-5 g.) was 
dissolved in 15 c.c. of N-sodium hydroxide (1 mol.) and 2-4 g. of 
pure sodium formaldehydesulphoxylate were added. The solution 
was heated for 15 minutes in boiling water, cooled, and poured into 
a large volume of spirit. A gum separated which was obtained 
in a solid powdery condition by grinding under absolute alcohol 
(yield 2-6 g.) (Found: Loss at 95°, 0-5; As, 15:8; 8S, 7-0. 
C,;H,,0,N,SAsNa, requires As, 15-4; 8S, 66%). This sodium 
salt, so prepared, has no free amino-groups. It is, however, unstable 
towards N-hydrochloric acid at 50° and evolves sulphur dioxide. 

3’-Carbethoxyamino-4' -anisoyl-4-aminophenylarsinic acid was pre- 
pared by adding ethyl chloroformate (1-1 ¢.c.) in two portions to 
the amino-acid (3-7 g.) dissolved in 15 c.c. of N-sodium hydroxide. 
The product was acidified and the precipitated solid extracted with 
N-hydrochloric acid at 50° to remove diazotisable material (yield 
3°7 g.) (Found: As, 17-5. C,,H,,0,N,As requires As, 17-:1%). 
The acid is practically insoluble in boiling acetic acid, but readily 
so in boiling 90° formic acid and crystallises therefrom in micro- 
scopic leaflets. The maximum dose tolerated by mice is 0-75 mg. 
per g. of mouse. 
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The s-Carbamide of 3'-Amino-4'-anisoyl-4-aminophenylarsinic 
Acid.—The amino-acid (3-7 g.) dissolved in 100 c.c. of half- 
saturated sodium acetate solution with the aid of 5 c.c. of 
2N-sodium hydroxide was shaken with several molecules excess 
of carbonyl chloride in toluene (35 c.c. of 12-5% solution). The 
product obtained on acidification was extracted with warm N- 
hydrochloric acid and precipitated finally from dilute ammonia 
by acid (yield 33%). This carbamide is precipitated in the gelatin- 
ous state from its salts. It is insoluble in boiling glacial acetic 
acid, but from boiling 90% formic acid, in which it is very spar- 
ingly soluble, it crystallises in microscopic needles (Found: As, 
19-6. Cy 9H,,0,,N,As, requires As, 19-8%). 

3’-Nitro-4"-anisoyl-3'-amino-4'-anisoyl-4-aminophenylarsinic Acid 
(corresponding with IX; R = OMe).—Aminoanisoylaminopheny]l- 
arsinic acid (7-3 g.) dissolved in 50 c.c. of 10% sodium hydroxide 
at — 5° was treated with 8-3 g. of nitroanisoyl chloride in 15 c.c. 
of toluene and stirred vigorously for 44 hours. Toluene was 
removed and the aqueous solution acidified. The precipitated 
solid was extracted with N-hydrochloric acid to remove amino- 
arsinic acid. The dried solid was extracted with ether to remove 
nitroanisic acid and reprecipitated from dilute ammonia. 

This complex nitro-arsinic acid is precipitated as a voluminous 
gelatinous solid from solutions of its salts. It is very sparingly 
soluble in boiling glacial acetic acid, but separates well in clusters 
of needles. It is somewhat more readily soluble in boiling 90% 
formic acid (Found: As, 13-6. C,H j.0,N,As requires As, 13-7%). 
The maximum dose tolerated by mice is 0-075 mg. per g. of mouse. 

3’’- Amino - 4'’- anisoyl-3'- amino-4'- anisoyl - 4 - aminophenylarsinic 
Acid (IX; R = OMe).—The nitro-acid (5-2 g.) was reduced in 
the usual way with ferrous chloride and alkali. The combined 
alkaline extracts of the ferric hydroxide were made neutral to 
Congo-paper. The precipitated solid was collected and whilst 
still damp made into a thin cream with water and added to 2000 c.c. 
of N-nitric acid (free from nitrous acid) at 50°. The solution was 
rapidly filtered, treated with charcoal, and refiltered. On addition 
of saturated sodium acetate solution the amino-acid was pre- 
cipitated in an amorphous condition in 75% yield. This acid is 
soluble in hot N-hydrochloric acid and deposits an indefinitely 
crystalline but anisotropic solid on cooling. It is almost insoluble 
in boiling N-sulphuric acid, the sulphate crystallising in micro- 
scopic needles. In N-nitric acid it is soluble on heating and 
the nitrate crystallises in balls of needles (Found: As, 14:3. 
C.2H,.O0,N,As requires As, 14-5%). The maximum dose tolerated 
by mice is 0-02 mg. per g. of mouse. 

, 472 
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3”’-Nitrobenzoyl-3'-amino-4' -anisoyl-4-aminophenylarsinic acid 
(corresponding with IX; R = H) was prepared in the same way 
as the corresponding 3’’-nitroanisoyl compound (above). From 
7:3 g. of 3’-amino-4’-anisoylaminophenylarsinic acid and 3-nitro- 
benzoyl] chloride (2 mols.) there were obtained 5-8 g. of the required 
acid as a gelatinous precipitate. It is sparingly soluble in boiling 
acetic or 90% formic acid, separating from the former in short, 
pointed needles and from the latter in square tablets (Found : 
As, 14:7. C,,H,,0,N,As requires As, 146%). The maximum 
dose tolerated by mice is 0-1 mg. per g. of mouse. 

3”’-Aminobenzoyl-3'-amino-4'-anisoyl-4-aminophenylarsinic acid 
(IX; R = H) was prepared in the same way as the corresponding 
3’’-aminoanisoylarsinic acid, except that 1500 c.c. of N-nitric acid 
at 50° were sufficient to dissolve the amino-acid. The yield was 
3-1 g. from 5-0 g. of nitro-acid. This complex amino-acid separates 
in needles when liberated from dilute acid solutions by addition 
of sodium acetate (Found: As, 15-4. (C,,H,90,N;As requires As, 
15-4%). With N-hydrochloric acid it forms a very sparingly 
soluble hydrochloride crystallising in microscopic rods. In 2N- 
sulphuric acid, it is readily soluble, the sulphate crystallising on 
keeping in fine, woolly needles ; and in warm N-nitric acid, it dissolves 
and gives an indefinitely crystalline but anisotropic nitrate on cooling. 
The maximum dose tolerated by mice is 1-0 mg. per g. of mouse. 

Nitration of 3'-Nitro-4'-anisoyl-4-aminophenylarsinic Acid.—This 
mononitro-arsinic acid was further mononitrated as described for 
the previous dinitro-arsinic acids. The product consisted of a 
mixture of 3’ : 5’-dinitro-4’-anisoyl-4-aminophenylarsinic acid and 
3 : 3’-dinitro-4’-anisoyl-4-aminophenylarsinic acid in the propor- 
tion of 3:7. These acids could not be separated by fractional 
crystallisation from 75% acetic acid nor by fractional crystallisation 
of the ammonium salts (Found: As, 17-0. C,,H,,0.N;As requires 
As, 17-:0%). The composition of the mixture was readily deter- 
mined by hydrolysis as follows. Three g. of the dinitro-acids 
were boiled for an hour with 45 c.c. of N-sodium hydroxide and 
then neutralised to Congo-paper. The mixture of ether-soluble 
arsenic-free acids was not examined in detail, but 3 : 5-dinitro- 
4-hydroxybenzoic acid was identified. The ether-insoluble acids 
consisted of a mixture of a 4-aminophenylarsinic and 3-nitro- 
4-aminophenylarsinic acid. These could be separated almost 
quantitatively by making use of the observation that 4-amino- 
phenylarsinic acid is readily soluble in 0-5N-hydrochloric acid, 
whereas the nitro-acid is not appreciably soluble. From the final 
aqueous mother-liquors of the hydrolysis, precipitation as mag- 
nesium salt in ammoniacal solution gave a further crop of 4-amino- 
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phenylarsinic acid. In this way, 1-25 g. of 3-nitro-4-aminopheny]l- 
arsinic and 0-4 g. of 4-aminophenylarsinic acids were obtained, or 
96% of the theoretical yield. 

The reduction of the mixed dinitro-acids by ferrous chloride was 
unsatisfactory. 

Hydrolysis of 4-Ethoxybenzonitrile—(a) By 75% sulphuric acid. 
Twelve g. of the nitrile were boiled for 1 hour with 72 g. of sulphuric 
acid and 24 g. of water. Ether extraction of the mixture diluted 
with water gave 0-36 g. of a phenolic fraction, partly crystalline 
and giving a blue colour with ferric chloride in alcoholic solution: 
and a violet colour in aqueous solution. The sulphuric acid liquors 
were worked up as barium salts, when, after removal of barium 
sulphate, a very soluble barium salt was isolated (yield 9 g.). On 
crystallisation from water, it separated in long, glistening needles of 
barium phenol-4-sulphonate. It was compared with asample prepared 
by the action of sulphuric acid on phenol (Found on air-dried salt : loss 
at 95°, 9-3; on salt dried at 95°: Ba, 27-8. C,,.H,,0,8,Ba,3H,O 
requires loss of 2}H,O, 8-4%. C,,.H,,0,8,Ba,4H,O requires Ba, 
27-9%). 

If the original solution be treated with ether instead of water 
the free phenol-4-sulphonic acid crystallises, but is very hygroscopic 
(compare Allain, Bull. Soc. chim., 1887, 47, 879). 

(b) By 60% sulphuric acid. Twelve g. of 4-ethoxybenzonitrile 
were boiled for 30 minutes with 56-5 g. of sulphuric acid and 37:5 c.c. 
of water. The solid obtained on pouring into water was separated 
by means of sodium carbonate solution into 3-1 g. of 4-ethoxybenz- 
amide and 6-1 g. of 4-ethoxybenzoic acid. The amide was com- 
pletely hydrolysed to the acid by boiling with 60% sulphuric acid 
for 2 hours. 

3-Nitro-4-ethoxybenzoic Acid.—4-Ethoxybenzoic acid (21 g.) was 
heated with 210 c.c. of nitric acid (d 1-42) on the water-bath until 
solution had just been effected. The product was poured into 
water, the solid collected, dissolved for the most part in ammonia, 
and extracted with ether, which removed a low-melting, crystalline 
solid, A, weighing 3 g. The ammoniacal solution on acidification 
gave an 80% yield of 3-nitro-4-ethoxybenzoic acid. This acid 
crystallises well from spirit in rectangular plates or rods, m. p. 
200—201° (Found: C, 51:0; H, 4-4. C,H,O;N requires C, 51-2; 
H, 4:3%). 

The ether-soluble material, A (4-5 g. from two batches), on 
fractional distillation under reduced pressure, gave 1-6 g., m. p. 
58—59°, b. p. 188° (external bath temperature)/22 mm. The 
residue, 2-65 g., on recrystallisation from alcohol gave pure 2: 4- 
dinitrophenetole, m. p. 83°, in excellent yield, whilst the low- 
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melting solid on crystallisation from alcohol melted at 62° and 
proved to be 4-nitrophenetole. 

3-Nitro-4-ethoxybenzoyl chloride is very sparingly soluble in boiling 
petrol, but is more soluble in dry ether, from which it crystallises 
in slender prisms, m. p. 81—82° (corr.). It boils at 215—216° 
(corr.)/20 mm. 

3’-Nitro-4'-ethoxybenzoyl-4-aminophenylarsinic acid (I; R = OEt) 
was prepared in the same way as the corresponding 4’-chloro- 
derivative, using method 5. The yield was 49%. It is very spar- 

‘ingly soluble in boiling acetic acid and sparingly in 90% formic acid. 
It crystallises in fine needles (Found: As, 18-5. C,;H,,0,N,As 
requires As, 18-3%). 

3’-Amino-4'-ethoxybenzoyl-4-aminophenylarsinic Acid (II; R= 
OEt).—The mononitro-acid (8-2 g.) was reduced as described for 
the corresponding 4’-toluoyl compound. On neutralisation of the 
alkaline extracts of the ferric hydroxide to Congo-paper, the acid 
was precipitated in an amorphous condition. When dissolved in 

200 c.c. of N-hydrochloric acid at 45° and precipitated by addition 
of saturated sodium acetate, it separated crystalline (yield 5-8 g.). 
The original mother-liquors gave a further crop of 0-7 g. of acid 
by precipitation as the’ magnesium salt from hot ammoniacal 
solution (total yield 86%). This amino-acid crystallises in micro- 
scopic, woolly needles (Found: As, 19-3. C,;H,,O;N.As requires 
As, 19:7%). It is soluble in warm N-hydrochloric acid, but very 
sparingly soluble in hot 3N-acid through formation of the hydro- 
chloride, which crystallises as a sandy powder composed of small 
tablets. It is soluble in 2N-sulphuric acid, but rapidly crystallises 
as the sulphate in small, pointed prisms. In 3N-nitric acid it is 
readily soluble and the nitrate crystallises from concentrated solu- 
tion in fine needles. The diazotised acid couples with alkaline 
8-naphthol with production of a bright red colour. 

Nitration of 3'-Nitro-4'-ethoxybenzoyl-4-aminophenylarsinic Acid. 
—This acid was re-nitrated as described for the corresponding 
4’-anisoylarsinic acid. A mixture of 3 : 3’-dinitro-4’-ethoxybenzoy]l- 
4-aminophenylarsinic and 3’ : 5’-dinitro-4’-ethoxybenzoyl-4-amino- 
phenylarsinic acids in the ratio 5:3 was obtained, as was proved 
by hydrolysis and quantitative separation of the arsinic acids as 
described for the anisoyl acids (Found: As, 16-5. C,;H,,0,N,As 
requires As, 16-5%). 

4’.Chloro-3’-nitrobenzoyl-4-aminophenylarsinic Acid (I; R = Cl). 
—4-Chloro-3-nitrobenzoic acid was prepared in 90% yield by 
heating 4-chlorobenzoic acid with nitric acid (d1-5; 4 vols.) on 
the water-bath until solution was effected; 20 g. of chlorobenzoic 
acid gave 23-6 g. of chloronitrobenzoic acid, m. p. 180°, and as a 
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by-product 0-22 g. of p-chloronitrobenzene, m. p. 77°, by extraction 
of the acid in alkaline solution, and 0-5 g. of p-chloronitrobenzene, 
m. p. 82°, by extraction of the original aqueous mother-liquors 
made alkaline. Boiling nitric acid (d 1-42) has no action on 4-chloro- 
benzoic acid. The acid chloride was prepared in the usual way, 
b. p. (external bath temperature) 180—190°/20—22 mm. It was 
introduced with difficulty into 4-aminophenylarsinic acid by the 
Schotten-Baumann method, using two molecular proportions of acid 
chloride. A variety of conditions to improve the yield were tried. 


No. Solvent. Temperature. Sodium Hydroxide. Yield %. 
Benzene 20—25° 
None 20—50 
Benzene 0—10 
Benzene 20—30 
Toluene —5—0 
Unchanged nitrochlorobenzoic acid was readily recovered by ether 
extraction, and unused 4-aminophenylarsinic acid by neutralising 
the aqueous mother-liquors to Congo-paper and evaporating until 
sodium chloride began to separate. 
4’-Chloro-3'-nitrobenzoyl-4-aminophenylarsinic acid is very spar- 
ingly soluble in boiling acetic acid, more readily in boiling 90% 
formic acid, from which it crystallises well, in needles (Found : 
Cl, 8-6. C,3;H,,0,N,ClAs requires Cl, 8-8%). 
4’-Chloro-3'-aminobenzoyl-4-aminophenylarsinic Acid (II; R= 
Cl).—The nitro-acid (6-65 g.) was reduced with ferrous chloride 
(7 mols.) at — 5° as described for the toluoyl compound. The 
combined filtrates from the ferric hydroxide extractions, on being 
made neutral to Congo-paper, deposited the amino-acid in a 
crystalline condition mixed with a small quantity of amorphous 
impurity. The amount contained in the mother-liquors and pre- 
cipitable as magnesium salt was negligible. The crude acid was 
heated at 80° with 800 c.c. of 3N-hydrochloric acid; the amino- 
acid then dissolved. On addition of saturated sodium acetate to 
the rapidly filtered solution, the amino-acid separated in leaflets 
(yield 80%) (Found: Cl, 9-4. C,,H,,.0,N,ClAs requires Cl, 9-6%). 
It is very sparingly soluble in 3N-hydrochloric acid at 100°, but 
from stronger acid the hydrochloride crystallises in oval leaflets. 
In boiling 2N-sulphuric acid it is insoluble, but from a much stronger 
acid the sulphate crystallises in square tablets. It is soluble in 
hot 3N-nitric acid, and this solvent, freed from nitrous acid, would 
probably be preferable to hydrochloric acid for its extraction in 
the above preparation. The diazotised acid couples with alkaline 
®-naphthol with production of a bright red colour. 
4'.Chloro-3 : 3'-dinitrobenzoyl-4-aminophenylarsinic Acid (III; 
R = Cl).—The mononitro-acid (8 g.) dissolved in 24 c.c. of sulphuric 
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acid was nitrated at — 5° with 2 g. of sulphuric acid and 2 g. of 
nitric acid (d 1-42); the mixture, when at room temperature, was 
poured on to ice. The product was collected, dried, and digested 
on the boiling-water bath with 40 c.c. of glacial acetic acid for 
4 hour; it then became crystalline (yield 8-5 g.) (Found: Cl, 8-1. 
C,,H,O,N,ClAs requires Cl, 8-0%). The acid is very sparingly 
soluble in boiling glacial acetic acid, somewhat more soluble in 
boiling 90% formic acid, from which it crystallises well in needles. 

Hydrolysis of 4'-Chloro-3 : 3'-dinitrobenzoyl-4-aminophenylarsinic 
Acid.—Two g. of the dinitro-acid were boiled for 30 minutes with 
30 c.c. of N-sodium hydroxide. When cold, the solution was 
neutralised to Congo-paper and the precipitated acids were collected, 
dried, and extracted with dry ether in a Soxhlet apparatus. The 
ether-soluble acid weighed 1-0 g., m. p. 175°. A mixture of the 
substance with 4-chloro-3-nitrobenzoic acid, which itself melted at 
182°, melted at 177°. The ether-insoluble material weighed 1-1 g. 
and was unchanged in weight after extraction with 0-5N-hydro- 
chloric acid to remove any possible 4-aminophenylarsinic acid. 
This proved to be 3-nitro-4-aminophenylarsinic acid. The original 
aqueous solution on ether extraction gave 0-05 g. of crystalline acid, 
m. p. 172°. Mixed with chloronitrobenzoic acid, this melted at 
157°; with 3-nitro-4-hydroxybenzoic acid, m. p. 185°, however, 
the melting point was raised to 175°. 

4’-Chloro-3 : 3'-diaminobenzoyl-4-aminophenylarsinic Acid (IV; 
R = Cl).—The dinitro-acid (6-5 g.) was reduced exactly as described 
for the corresponding dinitrotoluoylarsinic acid. The combined 
alkaline extracts of the ferric hydroxide, when neutralised to 
Congo-paper, gave an amorphous, brown precipitate, but on keeping 
a few hours the diamino-acid (3-0 g.) crystallised. The filtrate was 
made alkaline with ammonia and heated with magnesium chloride ; 
a magnesium salt then separated which gave an additional 1-25 g. 
of acid. The combined crude acids were dissolved in 40 c.c. of 
N-hydrochloric acid with addition of 1 c.c. of concentrated acid 
and precipitated by addition of saturated sodium acetate until 
neutrality to Congo-paper was reached (yield 76%). The acid so 
prepared crystallises in rosettes of pointed plates (Found: Cl, 9-2. 
C,3H,,0,N,ClAs requires Cl, 9-2%). 

Preparation and Nitration of 4-Ethylcarbonatobenzoic Acid.— 
4-Hydroxybenzoic acid (34-5 g.) dissolved in 500 c.c. of N-sodium 
hydroxide (2 mols.) was shaken with 26-0 c.c. of ethyl chloroformate 
(1-1 mols.), added in four portions. Ether extraction removed a 
viscous, pleasant-smelling oil (2-6 g.), presumably 

Et0O,C-O-C,H,°CO,°CO,Et 
(compare analogous case of salicylic acid, D.R.-P. 117,267). The 
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aqueous solution on acidification gave 49-3 g. of 4-ethylcarbonato- 
benzoic acid (94% yield). This acid is best recrystallised from 
85 volumes of boiling water and separates in long, glistening needles, 
m. p. 154—156°. It is very soluble in the usual organic solvents 
(Found: C, 57-0; H, 4:9. C,9H,,0, requires C, 57-1; H, 48%). 
Nitration. The acid (48-5 g.) was dissolved in 182 c.c. of fuming 
nitric acid (nitric acid, d 1-42, has no action) and heated for 10 
minutes on the boiling-water bath. The product was poured into 
water, the solid collected, dissolved in sodium bicarbonate solution, 
and extracted with ether, which removed 7-5 g. of non-acidic solid, 
A. The aqueous solution on acidification gave 44-6 g. (76% yield) 
of 3-nitro-4-ethylcarbonatobenzoic acid. This is best recrystallised 
from 15 volumes of boiling benzene and separates in clear, irregular- 
shaped plates, m. p. 168—169° (Found: C, 47:3; H, 3-7. 
C,,>H,O,N requires C, 47-1; H, 36%). 

The non-acidic solid, A, was distilled in a vacuum, when 6:35 g. 
passed over at 18 mm. and an external bath temperature of 192°. 
This fraction, on crystallisation from alcohol, separated readily 
in fine needles, m. p. 67—68° (corr.) in agreement with the properties 
described by Ransom (Ber., 1898, 31, 1064) for ethyl 4-nitrophenyl- 
carbonate. On hydrolysis with alcoholic soda, it yielded 4-nitro- 
phenol. The non-volatile residue, 1-6 g., was highly coloured and 
did not crystallise on keeping, but was proved to be ethyl 2 : 4-dinitro- 
phenylearbonate by hydrolysis with alcoholic sodium hydroxide, 
which gave 2 : 4-dinitrophenol. 

3’-Nitro-4'-ethylcarbonatobenzoyl-4-aminophenylarsinic Acid (V). 
—The above-described 3-nitro-4-ethylcarbonatobenzoic acid (25-5 g.) 
was shaken with 21-0 g. of phosphorus pentachloride until reaction 
took place. The phosphorus oxychloride was removed under 
reduced pressure by gentle warming. The residual syrupy nitro- 
ethylearbonatobenzoyl chloride, which crystallises readily in a freezing 
mixture and remains solid above room temperature, after being 
evaporated to dryness once or twice with dry ether, was added 
in three portions with vigorous shaking to 15-5 g. of sodium 4-amino- 
phenylarsinate pentahydrate dissolved in 300 c.c. of half-saturated 
sodium acetate solution. The solid (34 g.) precipitated by making 
the solution definitely acid to Congo-paper, was divided by ether 
extraction into 15-6 g. of unchanged nitro-acid and 18-1 g. (80% 
yield) of the required arsinic acid. This acid is soluble in boiling 
acetic acid, more readily soluble in boiling 90% formic acid, and 
crystallises in needles (Found: As, 16-5. C,,H,,;O,N,As requires 
As, 165%). 

3'-Nitro-4'-hydroxybenzoyl-4-aminophenylarsinic Acid (VI).—The 
crude acid (18-1 g.) as obtained above was dissolved in -_ c.c. of 

4T 
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N-sodium hydroxide, and the solution just brought to its boiling 
point. Addition of acid to the cold solution precipitated, at an 
intermediate stage, the sodiwm salt of the nitrohydroxy-acid in 
rectangular plates, but finally (acid to Congo-paper) the free acid 
as a primrose-yellow solid (yield 97%). This acid is sparingly 
soluble in boiling acetic acid, crystallising therefrom in minute 
clusters of needles, but readily soluble in boiling 90% formic acid, 
from which it crystallises in long, silky needles (Found: As, 19-4. 
C,3H,,0,N,As requires As, 19-6%). 

Reduction of 3'-Nitro-4'-hydroxybenzoyl-4-aminophenylarsinic Acid. 
—(a) By hyposulphite. The nitro-acid (3-8 g.) in 25 c.c. of N-sodium 
hydroxide (2-5 mols.) was treated with 6 g. of sodium hyposulphite 
added in portions. The end-point was determined by removing 
samples and observing the absence of yellow colour on adding 
alkali. The separated solid, consisting mainly of the sodium salt 
of the required amino-acid, was collected and dissolved in 240 c.c. 
of N-hydrochloric acid at 50°. The filtrate, made neutral to 
Congo-paper by addition of saturated sodium acetate solution, 
deposited the pure amino-acid (2-1 g.) in small needles. 

(b) By ferrous chloride. This reagent, used as frequently de- 
scribed in this paper, reduced the nitro-acid very smoothly. The 
amino-acid was obtained quite pure in 93-5% yield by neutralisation 
of the alkaline filtrate from the ferric hydroxide. 

3’-Amino-4' -hydroxybenzoyl-4-aminophenylarsinic acid is readily 
soluble in warm N-hydrochloric, nitric, or sulphuric acid, the salts 
of the former two crystallising in needles, that of the latter being 
amorphous and gelatinous. The acid diazotises with production of 
a pale yellow colour and even from very dilute solutions the diazo- 
oxide separates in pale yellow needles. This couples with alkaline 
8-naphthol with a cherry-red colour. The acid is soluble in satur- 
ated sodium hydrogen carbonate solution, but the sodium salt 
soon separates in micro-crystals (Found: As, 21-5. C,,H,,0,N,As 
requires As, 21-3%). 

3’-Amino-4' -hydroxybenzoyl-4-aminoarsenobenzene (VIII).—Amino- 
hydroxybenzoylaminophenylarsinic acid (3-3 g.) was suspended in 
16-5 c.c. of hypophosphorous acid (d 1-137) with addition of 33 c.c 
of 50% acetic acid and a crystal of potassium iodide. The mixture 
was stirred at 50—55° for 1 hour; the whole of the originally 
crystalline suspension had then become orange-yellow and amor- 
phous. The product was centrifuged off, washed several times 
with air-free water, and treated with sodium hydrogen carbonate 
solution until permanently alkaline. The liberated base was re- 
centrifuged, well washed, and dried in a vacuum (yield 2-7 g.). 
This arseno-derivative is soluble instantly in sodium hydroxide, 
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but not in sodium carbonate. It is insoluble in hydrochloric acid 
of any strength, but vanishes almost instantly on addition 
of nitrite with intermediate development of a deep colour. It 
then couples with alkaline $-naphthol (Found: As, 24-7, 25-1. 
C,H .0,N,As, requires As, 24-8%). 

3’-Acetylamino-4'-acetoxylbenzoyl-4-aminophenylarsinic Acid.—The 
aminohydroxy-acid (3-5 g.) was dissolved in 40 c.c. of N-sodium 
hydroxide or sodium carbonate, and 5 c.c. of acetic anhydride were 
added in 1 c.c. portions with vigorous shaking. The solution was 
acidified to Congo-paper, and the precipitated solid well washed 
with water and dried (yield 3-8 g.). From weakly alkaline solution 
this acid is precipitated in fine needles which are almost insoluble 
in boiling glacial acetic acid but extremely soluble in cold 90% 
formic acid. From more dilute formic acid it crystallises well in fine, 
soft needles (Found: As, 16-9. C,,H,,0,N,As requires As, 17-2%). 
The maximum dose tolerated by mice is 1-75 mg. per g. of mouse. 

3’-Acetylamino-4'-hydroxybenzoyl-4-aminophenylarsinic Acid.— 
When a solution of 1 g. of the preceding acid in 10 c.c. of N-sodium 
hydroxide (4 mols.) was kept for 20 hours at room temperature, 
then diluted, and acidified with 3N-hydrochloric acid, the N-acetyl 
acid was obtained as a microcrystalline, anisotropic powder (Found : 
As, 19-2. C,;H,;0,N.As requires As, 19-0%). This acid is almost 
insoluble in boiling glacial acetic acid, but very readily soluble in 
warm 90% formic acid, from which it separates in microscopic needles. 

3-Acetylamino-4-acetoxyphenylarsinic Acid.—3-Amino-4-hydroxy- 
arsinic acid (2°33 g.; 0-01 mol.) was dissolved in 25 c.c. of water 
with the aid of 3-5 g. (4 mols.) of sodium bicarbonate and acetylated 
by addition in 1 c.c. portions of 5 c.c. of acetic anhydride. When 
the solution was acidified with strong hydrochloric acid, the arsinic 
acid separated in needles (yield 2-5 g.). It is soluble in boiling 
glacial acetic acid and readily soluble in cold 90% formic acid 
(Found: As, 23-7. C, 9H,,O,NAs requires As, 23-6%). 
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CCCLXII.—The Action of Nitrous Acid upon Amides 
and Other *“ Amino ’’-compounds. 


By Rosert Henry ADERS PLIMMER. 


Tue action of nitrous acid upon amino-compounds was apparently 

first used by Sachsse and Kormann (Landw. Versuchs-Stat., 1874, 

17, 321) for the detection and estimation of these compounds in 

plant extracts. H. T. Brown (T7'rans. Guinness Res. Lab., 1903) 
- 47* 2 
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employed the reaction for studying the formation of amino-acids 
in the brewing process, and improved the old type of apparatus. 
Not until Van Slyke (J. Biol. Chem., 1911, 9, 185; 1912, 12, 275) 
devised a satisfactory apparatus for the estimation was the method 
extensively used, and, as is well known, its chief use is for distin- 
guishing the different forms of nitrogen contained in the amino- 
acids resulting from the hydrolysis of proteins. A special short 
analysis of proteins can be made by the method of Van Slyke 
(J. Biol. Chem., 1911, 10, 15). 

The earlier workers tested only a few amino-acids; leucine and 
alanine gave off the whole of their nitrogen as nitrogen gas, asparagine 
gave off only half of its nitrogen as gas. Van Slyke tested a con- 
siderable number of amino-compounds. All «-amino-acids reacted 
rapidly; presumably, therefore, the «-amino-group, but not the 
amide group, of asparagine reacted. The nitrogenous groups of 
guanidine and creatine did not react, nor the guanidine group of 
arginine. The e-amino-group of lysine reacted slowly, as also the 
amino-groups of certain purines. Dunn and Schmidt (J. Biol. Chem., 
1922, 53, 401) and Wright Wilson (J. Biol. Chem., 1923, 56, 183) 
have further studied these slow reactions. Urea was found by 
Van Slyke to react slowly with sodium nitrite and acetic acid. 
Werner (J., 1917, 144, 863), working under different conditions, 
found no reaction in the presence of acetic acid, but obtained an 
evolution of nitrogen in the presence of mineral acid. He found 
that the reaction was never complete and considered that the method 
was of no value for estimating urea. Krall (J., 1915, 107, 1396) 
observed an evolution of nitrogen from guanidine in the presence of 
mineral acid, and Wright Wilson (loc. cit.) obtained nitrogen from 
creatinine, using the Van Slyke apparatus. No other reference to 
the reaction of nitrous acid with ‘‘ amino ”-compounds has been 
found on looking through the literature, except the statement in 
the text-book of Organic Chemistry by Meyer and Jacobson (1907, 
I, part 1) that amides give off nitrogen in the presence of strong 
sulphuric acid. 

These experiments were therefore undertaken to find out the con- 
ditions under which amides, guanidine, and other amino-compounds 
react with nitrous acid and to reconcile the various discrepan- 
cies in the previous results. Some other amino-compounds besides 
the above-mentioned were also tested. 


ExPERIMENTAL. 


The large form of apparatus described by Van Slyke was used in 
all the experiments. After the removal of air from the apparatus 
the acetic acid—sodium nitrite mixture was always brought to the 
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same level in the reaction chamber; its volume measured 12 c.c. 
Generally 5 c.c., sometimes 10 c.c., of the solution of the compound 
under investigation were delivered from a pipette into the burette 
of the apparatus and run into the reaction chamber; the burette 
was then washed twice with 1 c.c. of water, and the washings were 
run into the apparatus. Reaction was allowed to proceed for 
periods varying from 1 to 24 hours; during the short periods the 
apparatus was continuously shaken, during the long periods it was 
shaken for the last half-hour. If the volume of gas evolved tended 
to fill the gas burette, the gas was passed into the permanganate 
vessel for absorption of nitric oxide and not returned to the burette 
until the reaction time was completed. In the experiments with 
mineral acid concentrated hydrochloric acid was added, 1 c.c. at a 
time, in the same way as the water used in washing the burette 
and in its stead. After the addition of 3 c.c. of hydrochloric acid 
gas evolution was very rapid, still more rapid after4.c.c. In these 
cases the evolved gas was quickly passed into the permanganate 
vessel and further quantities were added only when the rate of gas 
evolution diminished. The rapid gas evolution usually ceased 
after 5 to 10 minutes, and became slow after 1 to 2 hours, so that 
the apparatus could be safely left for the long reaction periods 
amounting to 24 hours. The evolved nitrogen gas was finally 
measured and by the use of Van Slyke’s table its amount was con- 
verted into mg. of nitrogen. Usually 1% solutions of the compound 
under examination were used. The total amount of nitrogen in 
these solutions was determined by a Kjeldahl estimation in another 
aliquot portion. All the figures of the estimations were calculated 
to g. of nitrogen per 100 c.c. of solution. The results of the experi- 
ments are in the following tables. 


Discussion of Results. 


Amides.—The experiments with the above amides show clearly 
that these do not give off an appreciable quantity of nitrogen with 
nitrous acid in the presence of acetic acid in 24 hours, and are 
thus sharply distinguished from the simple amino-acids, which were 
shown by Van Slyke to react rapidly and completely in from 5 to 
30 minutes. The difference in behaviour is clearly shown with 
asparagine; only one amino-group reacts in a period of 23 hours 
under these conditions. 

On introducing hydrochloric acid to the reaction mixture, com- 
plete reaction of the amide group did not occur until 5 c.c. of con- 
centrated acid had been added. This amount of acid gave a con- 
centration of approximately 2N-HCl. In the case of asparagine, 
the whole of its nitrogen was then evolved as gas. 
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Amides. 
Formamide. Acetamide. 


Expt.1. Total N per 100 c.c. = Expt.1. Total N per 100c.c. = 
0-2884 g. 0°1512 g. 
N evolved Nevolved 
Time (g. per % of Time (g. per 
With (hours). Temp. 100c.c.). total N. With (hours). Temp. 100.c.c.). 
2c.c.H,O0 1:5 15° 00088 3-1 2c.c.H,O 1 12° 0-0011 
Pe 5 2a 16 0-0080 2-8 Sigs » 45 13 =0-0011 
ae »» 24:5 16 0-0092 3-2 Sa » 17-5 11 00011 


Expt. 2. Total N per 100 c.c. = Expt. 2. Total N per 100 c.c. = 
0-1806 g. 0-1148 g. 


19 0-0191 . c. 0-0032 
24 0-0923 : 0-0082 
6 0-1609 ° 0-0360 
19 0-1427 : 0-0644 
22 0-1805 . 0-0696 
0-0882 
Expt.3. Total N per 100 c.c. = 0-1042 
0-2240 g. 0-0964 
, : 0-1112 
00234 10: 0-1185 
0-0228 F 
0-0344 , Asparagine. 
0-0604 . .1. Total N per 100 c.c. = 
2100 g 


© oO ~I1 OD O1 do 
SESSSSZ ea 
wo O+I10 QW CO 


_ 


0-1415 
pi la , 0-1039 
0-1882 
0-2139 95: , = 
0-1060 
0-1093 
0-1112 
Expt. 


2. 
0-115 Expt. 2. Total N per 100 c.c. = 
2c.c.H,0 05 13 0-:0006 0: 0-2100 g. 
» S 14 0-0017 . c.c. HCl 0-1061 
» 175 14 0-0039 
» 46:5 130-0037 


Propionamide. 
Total N per 50 c.c. = 
5 9. 


A225 5 
eee oe 
SSAA 


1 

3 4 0-1079 
3, 0-1135 
Bs 0-1615 
7 . 0:2209 
8 ,, 0-2142 


Expt.3. Total N per 100 c.c. = 
03115 g. 

2c.c.H,O 23-55 13 01699 
HCl 23 130-1842 
23 130-1917 
23 12 0-1861 
23°55 13 03014 
23°55 15 03264 


SRSEGS 
Cncokha 


Expt. 2. Total N per 100 c.c. = 
0-1946 g. 


— 


ESSSSE 
BATA 


_ 
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Urea and Derivatives. 
Urea. Urethane. 


Expt. 1. Total N per 100 c.c. = Expt.1. Total N per 100 c.c. = 
0-2856 g. 0-1764 g. 
N evolved N evolved % of 
Time (g. per % of Time (g. per total 
With (hours.) Temp. 100c.c.). total N. With (hours). Temp. 100 c.c.). N. 
2c.c.H,O 0-5 0-0164 5-7 2c.c.H,O° 1 15° 0-0023 13 
1- 0-0329 ‘ BS is ~~ oe 16 0-0061 3-5 
i 0-0958 ‘ mes » 23°5 8 0-0165 9-4 
° 0-1552 ‘ 
0-2198 . r my 
, 0-2315 : Expt. a a N per 100 c.c. = 
15- 0-2657 ‘ 
24: 0-2767 , c. 0-0568 30-5 
0-0929 49-9 
.2. Total N per 100 c.c. = 7 0-1137 61-1 
0-2422 g. . 0-1309 70-2 
2c.c.H,O 8-5 20 0-2512 103-7 0-2143 115-1 
- & » 200 18 0:2495 103-0 


» » 470 19 02456 101-4 — Semicarbazide hydrochloride. 


. Expi.1. Total N per 100 c.c. = 
Biuret. 0-0658 g. 


SS) 


NWNNNNNWNW Wt 


‘5 14 0-0081 
5 15 0-0080 
5 14 0-0132 


Expt.1. Total N per 100 c.c. = 2c.c.H.O 0 
2884 2» » JI 
00117 4: 2 » 17 

0-0326 : 


0-0476 , r = 
0-0542 ; ee” N per 100 c.c. = 


0-0161 

0-0304 

: 0-0320 

21 0-0566 j° ° 0-0515 

19 0-0708 . , ° 0-0714 
22 0-0763 


21 0-1035 : _ 
22 «01116 ‘ a N per 100 c.c. = 


20 01439 
19 01411 c.c. H,O 25 16 0-0689 
17 = 0-1448 HCl 23 

24 


23 
24 
24 
23 


SBS 


DO > 


_ 
mint 


“1 Co 89 8D HD CAI 


D> or i® 9 9 Ob DD 
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Guanidine and Derivatives. 


Guanidine carbonate. 


Ezxpt.1. Total N per 100c.c. = 0-1316 g. 


N evolved 
Time (g. per % of 
With (hours). Temp. 100 c.c.). total N. 

2c.c.H,O 1-0 15° 0-0029 2-2 
aj, = See 15 0-0016 1-2 
2. Be ee 15 00029 2-2 
e » 15°5 11 0-0060 4-6 
Sy » 40°5 14 00-0104 7-9 
Ezxpt.2. Total N per 100 c.c.=0-3185 g. 
2c.c.H,O 25 13 0-0319 10-0 
2 , HCl 24 11 00-0639 20-1 
4, 9» 20 11 0-1008 31-6 
a » «24 12 0-2481 177-9 
ee » 24 10 06-2553 80-1 
7 ” ” 24 13 0-2784 87°4 
Ezxpt.3. Total N per 100 c.c. = 0-2968 g. 
2c.c.H,O 24 10 0-0104 3°5 
2 , HCl 23-5 9 06-0368 12-4 
Rin ~os (ae8 10 0-0437 14:7 
| ae 11 0-0826 27-8 
Dos ss ae 11 0-2132 71-8 
66 io! oe 12 0-2420 81-5 
7 » «=» 235 14 0-2622 88-4 
© as » 23 14 00-2688 90-5 


Arginine Carbonate. 


Ezxpt.1. Total N per 100 c.c. = 0-1078 g. 
2c.c.H,O 0-5 16 0-0267 24:8 
pe re 16 0-0294 27-3 
a gE 15 0-0280 26-0 
[_~ s» 2 16 0-0267 24-8 
ae, 14 0-0280 26-0 
Sa «a. & 14 0-0304 28-2 
, re 17.  0-0504 46-7 
2*.., HO 4 19 0-0402 37-3 
a Sigg ae 16 00-0698 64-7 
o> 2 a 16 0:0680 63-1 
Creatine. 
Ezpt.1. Total N per 100 c.c. = 0-07 g. 
2c.c.H,O 1 15 00018 2-6 
<< os jee 15 0-0011 1-6 
» » 40 15 0:0023 33 
ei Se es 15 00045 6-4 
Ezpt.2. Total N per 100c.c. = 0-1456 g. 
2c.c.H,O 23-5 14 0-0231 15-9 
2 , HCl 25 14 0-0394 27-0 
Sia ‘ech 14 00494 33-9 
4ii jt 8 16 0-0483 33-2 
Sig8 gact 13 0-0574 39-4 
a. wa oe 14 0-0967 66-4 
cs « 15 0-1081 74-2 
der a 14 0-1008 69-2 
Ammonium acetate. 
Total N per 100 c.c. = 03304 g. 
2c.c.H,O 0-5 13 0-1061 32-1 
> «» oa 16 0-3385 102-4 
a ws ae 14 0-3408 103-1 


Aminoguanidine Acetate. 


Expt.1. Total N per 100 c.c. = 0-2590 g. 


Nevolved % of 
Time (g. per __ total 
With (hours). Temp. 100 c.c.). N. 
2c.c.H,O 0-5 12° 0-0177 6-8 
S is » 15d 1l 0-0465 17-9 
So ws is | ae 14 00-0510 19-7 
Ss « » 17-5 11 0-0608 23-5 
_ » 24:5 15 0:-0617 23-8 
ae ae »5 25°5 15 0-0659 25-4 
S “ » 48°5 11 00-0709 27-4 
iss » 50 15 00-0777 30-0 
Expt. 2. Total N per 100 c.c. = 
0-3402 g 
2c.c.H,O 24 13 0-0731 21:5 
2 , HCl 24 13 0-1052 30-9 
ame oe? 12 0-1067 31-4 
SD >» 24 12 00-1855 54-5 
> a >» 24 12 00-2750 80-8 
S x» » 2 14 03112 91-5 
T es 9» 24 16 03168 93-3 
Sw »» 24 16 03154 92-7 
Arginine carbonate. 
Expt. 2. Total N per 100 c.c. = 
0-1211 g. 
2c.c.H,O 0-5 20 0-0212 17:5 
S* 5. » Ld 19 0-0266 22-0 
- i » 24 13 00-0566 46-7 
2 ,, HCl 24 14 0-1044 . 86-2 
BS 4 » 24:5 13. 90-1006 83-1 
So w# 9, 24°5 14 O-1118 92-3 
S ia » 24 15 00-1173 96-9 
_ 9 20 19 00-1167 96-4 
Sw » | 24 17. =: 0:1237 102-1 
Creatinine. 
Expt.1. Total N per 100c.c. =0-2898 g. 
2c.c.H,O 1 15 0-0766 22-9 
ae » 4 17 0-1027 35-4 
2+. » 155 15 00-1075 37-1 
» ee os - 17 0-1164 40-1 
2 9» 26 19 01211 41-8 
2 ,, HCl 25 17 00-1208 41-7 
3» 8» 2 13 00-1221 42-1 
4 ” ” 23 14 0-0886 30-6 
SS» » & 16 00540 18-6 
ss » 20 14 0:0646 22:3 
6 ” ” 23 17 0-0478 16-5 
7 ” ” 24 15 0-0506 17°5 
S x » 2 14 0:0455 15-7 
Hydrazine sulphate. 
Total N per 100 c.c. = 0-0574 g. 
2c.c.H,0 0:5 13 0-0641 111-7 
2, » 45 13 01424 258-5 


2 ” ” 


17-5 


14 0-1573 274-0 
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The formation of nitrogen in the presence of hydrochloric acid is 
not due to hydrolysis of the amide. Experiments were made to 
test this possibility by allowing 20 c.c. of the amide solution to stand 
for 24 hours with 6 c.c. of concentrated hydrochloric acid. The 
solution was then rendered alkaline with sodium carbonate, and any 
ammonia produced estimated by the aération method of Folin. 
Acetamide gave 26-2, propionamide 26-3, asparagine 4-9%. 
Formamide was apparently completely hydrolysed with the forma- 
ation of 96-2°% of ammonia. 

If the reaction of amino-acids with nitrous acid in acetic acid 
solution is taken as an indication of the presence of a primary amino- 
group, the difference in the behaviour of amides should be represented 
by giving amides the alternative formula, R-C(OH):NH, which may 
be regarded as being converted in the presence of mineral acid into 
the more usual formula, R-CO-NH,, which shows the presence of an 
—NH, group. This alternative formula is supported by the form- 
ation of unstable salts of amides, which are decomposed by water. 

Urea and Derivatives—Van Slyke has stated that urea reacted 
slowly with nitrous acid in the presence of acetic acid. These 
results show that at low temperatures (from 10° to 12°) the reaction 
is not complete, but that complete decomposition occurs at 18° to 
20°. Werner, under different experimental conditions, did not 
observe complete reaction, and attributed the incompleteness to 
the formation of ammonium salts. As seen from the experiment 
with ammonium acetate, it is completely decomposed in 24 hours. 
The difference in the results seems to be due to the length of time of 
the reaction. As urea was decomposed in the presence of acetic 
acid, no experiments were made in the presence of hydrochloric acid. 

On comparing the results with those of amides, it appears that 


urea possesses the alternative formula, HN—C < iH which changes 
3 


in presence of acids to HN—C to , a8 proposed by Werner. 
2 


The substance with the latter formula showing an —NH, group 
would be attacked by nitrous acid; isocyanic acid, which is easily 
hydrolysed to ammonium carbonate, would also yield nitrogen. 
This alternative formula for urea is supported by the behaviour 
of semicarbazide and urethane. One-third of the nitrogen of semi- 
carbazide was obtained as gas in the presence of acetic acid, rather 
more in the presence of 2 or 3 c.c. of hydrochloric acid. One of the 
three nitrogen atoms would thus be present as an —H,N group. 
In presence of more hydrochloric acid, large volumes of gas were 
evolved, suggesting that hydrazine was formed by decomposition. 
Hydrazine in another experiment was observed to produce large 
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volumes of gas, probably resulting from reduction of nitrous acid 
by hydrazine. 

Urethane behaved like the simple amides: no evolution of 
nitrogen in presence of acetic acid, but complete reaction in presence 
of hydrochloric acid. It would thus appear to have the alternative 
formula, OEt-C(OH):NH, which changes into OEt-CO-NH, in 
presence of mineral acid. 

The behaviour of biuret with nitrous acid is most easily explained 
by Werner’s formula, NH:C(OH)-NH-C(OH,-NH. In presence of 
acetic acid, this would change to NH°:C(OH)-NH-CO-NH, with 
liberation of one-third of its nitrogen as gas, as found by experi- 
ment; in the presence of 2 to 3 c.c. of hydrochloric acid, the formula 
would become NH,°CO-NH:CO-NH,; two-thirds of the nitrogen 
was given off. In presence of 4 to 6 c.c. of hydrochloric acid, the 
whole of the nitrogen was evolved, indicating that the molecule was 
completely broken down. 

Guanidine and Derivatives—Guanidine reacted only slightly in 
presence of acetic acid, two-thirds of its nitrogen was given off 
in presence of 5 c.c. of hydrochloric acid, and the reaction was nearly 
complete in presence of 8 c.c. of hydrochloric acid in 23 hours. 


The alternative formula, HN=C<} Ms , proposed by Krall, is 


indicated for guanidine. This changes to the usually adopted 
formula, NH:C(NH,),, in presence of mineral acid, which explains 
the liberation of two-thirds of its nitrogen in presence of hydro- 
chloric acid. 

Arginine behaved in a similar way to guanidine. Only the 
“-amino-group reacts with nitrous acid in presence of acetic acid. 
This reaction is used in its analysis. An excess of nitrogen over 
one-third was found by Plimmer (Biochem. J., 1924, 18, 105) if 
the reaction were prolonged. The whole of its nitrogen is given off 
as gas in the presence of hydrochloric acid. 

Aminoguanidine gave off one-quarter of its nitrogen as gas in 
presence of acetic acid, but larger quantities in presence of hydro- 
chloric acid. Corresponding with guanidine, the whole of the 
nitrogen was not evolved as gas. 

Creatine reacted in a similar way to guanidine and appears to 


have an alternative formula such as CO,H-CH,NMeo< Vs 


which changes to the usual formula, CO,H-CH,*NMe-C(:NH)-NH,, 
in presence of hydrochloric acid. A volume of nitrogen was evolved 
corresponding to two nitrogen atoms. The third nitrogen atom, to 
which the methyl group is attached, would not be expected to yield 
nitrogen. Creatinine, which was also found by Wright Wilson to 


—$—_—_—_ — 


ce 
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react with nitrous acid in presence of acetic acid, showed an un- 
expected behaviour, indicating the presence of an amino-group. 
It would thus appear to have an alternative formula such as (I) 
instead of (IT). 


NH 
VN WN 
i.)  NH,¢ CO NH:¢ . GO (IL.) 
MeN—CH, MeN—CH, 


The effect of mineral acid in diminishing the volume of nitrogen 
evolved may be due to a change of the new alternative formula 
to the commonly adopted one. The formation of the smaller 
amounts of nitrogen in the experiments may be due to the method 
of adding the hydrochloric acid, 1 c.c. at a time; a certain volume 
would be liberated before the whole of the 6 or 8 c.c. could be 
introduced. 

Summary. 

1. Amides and urethane do not react with nitrous acid in presence 
of acetic acid. 

2. Both react quantitatively in presence of approximately 2N- 
hydrochloric acid. 

3. Urea reacts quantitatively with nitrous acid in presence of 
acetic acid. 

4. Biuret reacts with one nitrogen atom in presence of acetic acid, 
with two nitrogen atoms in presence of small amounts of hydrochloric 
acid, with three nitrogen atoms in presence of 2N’-hydrochloric acid. 

5. Guanidine and creatine do not react with nitrous acid in 
presence of acetic acid, but give off nitrogen in presence of hydro- 
chloric acid. 

Arginine, excepting its primary «-amino-group, behaves in a 
similar way. 

6. Creatinine gives off nitrogen corresponding to one nitrogen 
atom with nitrous acid in presence of acetic acid; the volume of 
nitrogen evolved is diminished in presence of hydrochloric acid. 

7. If nitrous acid in presence of acetic acid is a reagent for the 
presence of an —NH, group, amides and the other compounds 
investigated will possess alternative formule, which, in presence 
of hydrochloric acid, change to the usually accepted formule for 
these compounds. 


The author desires to express his thanks to the Government Grant 
Committee of the Royal Society for a grant out of which the expenses 
of this research have been defrayed. 
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CCOLXIII.—Solubility Influences. PartI. The Effect 
of some Salts, Sugars, and Temperature on the 
Solubility of EHthyl Acetate in Water. 


By SaMvEL GLASSTONE and ALBERT PoUND. 


ALTHOUGH much work has been done on the influence of salts on 
the solubility in water of various non-electrolytes (for chief refer- 
ences, see Eyre, Brit. Assoc. Rep., 1910, 447; 1912, 820; Rivett 
and Rosenblum, 7'rans. Faraday Soc., 1914, 9, 297; Linderstrém- 
Lang, Compt. Rend. Trav. Lab. Carlsberg, 1924, 15, No. 4), there 
seems to have been very little attempt made at a systematic 
investigation. Very little work, too, has been done on the influ- 
ence of non-electrolytes such as sugars on the solubility of other 
non-electrolytes such as ethyl acetate, ether, and aniline, and, as 
far as the present author is aware, there has been no systematic 
investigation of the effect of a mixture of substances, either elec- 
trolytes or non-electrolytes, on the solubility of a sparingly soluble, 
neutral substance. It seemed very probable that a complete 
examination of the so-called “salting out” effect would throw 
some light on the larger problem of solution, and the work described 
below was intended to be a contribution towards a more systematic 
survey of the problem than has yet been made. 

In the present work, the solubility of ethyl acetate has been 
determined at 25° and at 50° in pure water and in the presence of 
various sugars and of the chlorides, bromides, and iodides of the 
alkali metals and of ammonium. Some rough measurements have 
also been made of the solubility of various salts in ethyl acetate 
saturated with water (about 3%), and an interesting qualitative 
connexion between these values and those of the solubility of ethyl 
acetate in salt solutions has been established. The solubility of 
ethyl acetate in water has also been determined at 0°, 10°, and 37°. 

Philip (J., 1907, 91, 711) has shown the advantage of expressing 
solubility results of this kind in terms of grams or gram-moles per 
1000 grams of solvent rather than per litre of solution. A further 
change is now made, the results being expressed in terms of the 
number of gram-mols. of water required to dissolve one gram-mol. 
of ethyl acetate in the presence of various molecular quantities of 
added sugar or salt; in this form the results are useful for various 
calculations and for comparison with one another. 


EXPERIMENTAL. 
Ethyl acetate made by Roberts’s method (J. Soc. Chem. Ind., 
1924, 43, 295r) was purified from alcohol by distillation over 
calcium chloride and then by several fractionations over phos- 
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phorus pentoxide; only the final constant-boiling fraction was 
used in this work. The salts and sugars were the purest com- 
mercial specimens, mainly supplied by the British Drug Houses, 
Ltd., and no attempt was made to purify them; slight impurities 
had very little effect on the solubility of ethyl acetate, and this 
was probably less than the experimental error. The various 
solutions were made up by careful weighing of the substance and 
the water, and were saturated with ethyl acetate as follows: Since 
the solubility of ethyl acetate in water and in aqueous solutions 
decreases with rise of temperature (see below), the solution was 
shaken with a slight excess of the ester at a temperature below 
25° or 50° and placed in a thermostat at 25° or 50°; the excess of 
ethyl acetate then separating caused the liquid to become cloudy. 
In the course of an hour or two the aqueous liquid was clear again, 
and was a saturated solution of the ester at the temperature of 
the thermostat. Care was always taken that the excess of ethyl 
acetate present was not so large that the amount of water or salt 
dissolved by it could not be neglected. 

For analysis, a quantity of the saturated solution (3 to 8 g., 
depending on the ester concentration) was transferred rapidly in 
a warmed pipette to a stoppered bottle and weighed; care was 
taken that none of the acetate layer was drawn into the pipette. 
In the cases of the various salts which it was desired to recover, 
and of the sugars, the weighed solution was diluted with water, 
washed into a distilling flask, and the ethyl acetate, and some 
water, distilled over and collected in water in such a way as to 
avoid loss of ester. The residue in the flask was always tested 
to make sure that no acetic acid, which might have resulted from 
the hydrolysis of the ester by boiling water, remained behind. 
The ester was then hydrolysed with standard sodium hydroxide 
and estimated in the usual way. When the original solution 
contained an ammonium salt, distillation was always necessary, 
and in case the salt had become hydrolysed during this process 
and ammonia distilled over, the solution, after alkali hydrolysis, 
was boiled for a few minutes without the reflux condenser in order 
to expel ammonia. If distillation was unnecessary, the weighed 
solution was diluted and hydrolysed directly. 

Results —The columns headed m and w give the number of 
g.-mols. of added substances and of water, respectively, required 
to make a solution which will be saturated with 1 g.-mol. of ethyl 
acetate at the temperature stated. The significance of the figures 
in the column headed n is explained on p. 2664. In the absence 
of any added substance the value of w (wp) is 66-15 at 25° and 
80-98 at 50°. 
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Lithium chloride. 
m. Ww. 


76-67 

98-92 
133-7 
231-5 
476-2 


0-667 
2°27 
6-28 
24-85 
134-5 


0-858 
2-905 
8-08 
31-55 
181-2 


0-219 
0-477 
1-540 
4-86 
12-03 
27-10 
59-30 


70-68 

76-65 

94-34 
142-0 
218-8 
352-1 
581-4 


0-273 
0-589 
2-02 
6-43 
14-40 


88-12 

94-80 
123-5 
188-0 
261-8 
33-42 434-8 
85-00 833-3 


Potassium chloride. 


69-15 

74-75 

86-21 
112-9 
155-0 
203-7 
284-9 


0-168 
0-369 
1-093 
3-06 
6-96 
12-19 
22-90 


at et et et KD 
OH WAH A 


0-213 
0-458 
1-438 113-3 
4-09 152-7 
8-87 197-6 
14-70 245-7 
31-07 386-1 


Rubidium chloride. 


87°57 
92-73 


0-578 

1-454 

5-22 
14-20 
67-8 


77-52 

93-10 
135-9 
224-7 
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Lithium bromide. 


m . We nN. 


25°. 
68-16 
71-19 
77-14 
91-19 
96-27 
40-65 
50°. 
84:03 
85-47 
98-46 
115-2 
18-40 133-3 
19-58 83-5 


Sodium bromide. 
26°. 
71-10 


0-287 
0-777 
1-824 
4-85 
13-26 
15-66 


0-354 
0-935 
2-325 
6-12 


0-229 
0-630 76-76 
1-560 87-72 
4-91 121-2 
12-10 173-3 
47-40 367-6 


50°. 
91-66 
96-64 
116-3 
158-7 


0-294 
0-794 
2-69 
6-43 
15-48 
52-60 


Potassium bromide. 
25°. 
0-249 69°20 
0-610 76°70 
1-39 84-03 
4:29 114-9 
9-44 148-6 
21-90 220-8 


50°. 
85-09 
92-59 
107-1 
146-0 
199-2 
308-6 


0°370 
0-737 
1-774 
5-46 
12-65 
30-68 


Rubidium bromide. 
25°. 
73-53 
0-993 80-65 
2-55 94-69 
7-65 132-5 
24-00 222-7 


0-421 
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Lithium iodide. 
Mm. w. 


65-90 
62-60 
58-40 
38°5 


0-566 
1-112 
2-36 
5-02 
0-912 


Sodium iodide. 


67-14 
68-25 
68-78 
73°37 
82-58 
109-4 


0-163 
0-432 
0-774 
2-165 
6-46 
21-32 


84:37 
84-75 
86-58 
95-24 
107-8 
142-5 


0-243 
0-535 
0-978 
2-81 
8-44 
27-76 


Potassium iodide. 


0-150 
0-395 
0-860 
2-02 
6-45 
20-19 


82-26 

83-33 
1:045 86-81 
2-44 90-91 
7-71 106-7 

24-22 149-9 


0-181 
0-473 


Rubidium iodide. 


66-82 
68-78 
69-69 
73-42 
82-58 
107-0 


0-298 
0-635 
1-475 
2-66 
5-69 
12-53 


to to 09 Co 
Ooow ae aI 


68-03 12° 
69-69 , 
71-43 
75-19 
87-72 

125-0 
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Rubidium chloride. Rubidium bromide. Rubidium iodide. 
mM. Ww. n. mM. Ww. Ns m. w. n. 
50°. 
0-742 94°5 . 0-502 87-64 13- 0-358 80-33 — 
6-62 172-4 . 3°23 119-8 12- 1-788 84-37 . 
84-4 680-3 : 40-5 375-9 7: 7-26 105-3 


Czesium chloride. Ceesium bromide. Cesium iodide. 
25°. . 
0-427 74-52 . 0-321 70-68 . 0-237 67-79 
1-004 86-21 . 0-693 74-52 . 0-538 68-87 
3:065 113°6 . 1-835 86°81 . 1-241 70-78 
7:04 153°1 . 3:47 97-95 9- 2-70 72-30 
26-70 294-1 . 8-80 135-0 . 
132-5 671-1 . 
50°. 
0-530 92-59 : 0-400 88-12 
3-802 141-0 . 2-235 105-8 
29-95 330-0 . 11-92 179-9 
197-8 1000-0 . 35-10 275-5 


Ammonium chloride. Ammonium bromide. Ammonium iodide. 
35°... 
76°54 : 0-273 70-0 . 0-422 
89-14 . 0-725 74-4 ° 0-866 
112-4 . 1-680 81-9 . 1-87 
139-7 : 4-33 94-0 B° 4:74 


174-5 ° 8-55 109-5 5: 12-42 
16-38 122-7 ° 


50°. 
92-14 . 0-338 86-5 
112-2 ° 0-839 90-8 
148-4 ° 2-107 102-5 
189-8 ; 5-55 120-6 
216-9 : 11-77 150-8 
21-78 177-0 


— i 
Se Rate mS 
wm © bo ~1 bo 


Dextrose. Levulose. Sucrose. 
25°. 
0-394 73-8 
0-867 78-3 
1-445 81-9 
2-178 87-0 
4-270 99-8 
8-65 131-0 


0-0734 66-4 
0-190 68°5 
0-406 69-6 
0-696 75-0 
1010 77-6 
1-935 86-7 
3°57 101-5 
6-10 115-9 


0:0692 68-6 
0-1423 69-3 
0-392 73-6 
0-871 78-6 
1-486 84-1 
2-262 90-6 
3-315 98-5 


— 


ht et eet eet DO AD 
COWS Sto a 
IH WOOSF 
— i 
WIcSSHS 
AGCAGCS 
lenient anal 
woomiyepr 
m—ODW-A10 0 


50°. 

0-475 89-0 3° 0-091 82-1 
1-045 94:3 , 0-233 83-9 
1-720 97-4 , 0-508 87-0 
2-520 101-0 : 0-833 89-6 
4:76 111-2 2. 1-206 92-9 
8-89 134-6 ; 2-35 105-4 

4-18 119-0 

6-81 129-2 


0:0826 81-8 
0-1708 83-1 
0-462 86-6 
1016 91-5 
1-705 96-6 
2-593 

3-722 
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Lactose. 


¢ 


™m. 


0-0848 
0-222 
0-487 
0-854 
1-234 
1-762 


Discussion. 


In general, the effect of one substance in reducing the solubility 
of another has been explained along two different lines. Euler 
(Z. physikal. Chem., 1899, 31, 360) suggested that the addition of 
a salt to water increases the internal pressure, and this results in 
a decreased solvent power for a neutral solute; this theory was 
supported by Geficken (ibid., 1904, 49, 257), but was adversely 
criticised by Levin (ibid., 1906, 55, 503). On the other hand, 
Rothmund (ibid., 1900, 33, 401) suggested that the reduction in 
solubility is due to the added salt becoming hydrated in solution, 
so that the moleeules of water involved in the hydration are no 
longer available for the dissolution of another substance. Although 
Rothmund later criticised this point of view (ibid., 1909, 69, 523), 
jt received support from Baur (Ahren’s Sammlung, 1903, 8, 466), 
Lowry (Trans. Faraday Soc., 1905, 1, 197) and Philip (J., 1907, 
91, 711). The last author was the first to make use of solubility 
determinations in salt solutions in order to calculate the hydration 
values of various salts; by assuming that the reduction in solubility 
of the neutral substance is entirely due to the water molecules 
removed in the salt-hydrate, average values for the number of 
molecules of hydrate water per molecule of salt can be obtained. 
Philip’s method of calculating hydration values has been applied 
to the results obtained in the present work, and the average degree 
of hydration of the salts, etc., at various concentrations, which is 
equal to (w — w»)/m, is given in the column headed n. 

Since there is some doubt as to the condition of molecules and 
ions in concentrated solutions, the hydration values for different 
salts are best compared at infinite dilution; consequently all the 
hydration numbers obtained above have been extrapolated roughly 
to zero concentration. The results are given below; as the values 
do not vary appreciably between 25° and 50°, average results are 
recorded. 

Hydration of Salts at Infinite Dilution. 


LiCl ...27 NaCl... 24 KCl... 22 NH,Cl... 21 RbCl... 20 CsCl... 20 
LiBr... 9? NaBr...19 KBr... 17 NH,Br... 16 RbBr... 16 CsBr... 15 
Lil ... ? Nal ... 14? KI ...12? NH,I ... ? RbI ... 5? Cal ... 8? 
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The results for the lithium salts and almost all the iodides are 
uncertain ; the solubility figures in italics (pp. 2662—3) show that 
lithium bromide at the highest concentrations, and lithium and 
ammonium iodides at almost all concentrations, increase the 
solubility of ethyl acetate in water. The increase is probably 
connected with the formation of a compound between the salt 
and the ester; concentrated solutions of iodides containing ethyl 
acetate have a distinct yellow colour which is not due to the presence 
of free iodine and can be attributed only to the presence of some 
complex substance in solution. There was no evidence of a meta- 
thetical reaction betweén the salt and the ester. The remarkable 
fact that at 25° ethyl acetate and a 60% solution of lithium iodide 
in water are miscible in all proportions merits further investigation. 
Some experiments have been made on the solubility of the various 
salts in ethyl acetate saturated with water; lithium chloride, 
sodium, potassium, ammonium, rubidium and cesium iodides are 
slightly soluble, whilst lithium bromide and iodide are consider- 
ably soluble (roughly 30% and 40%, respectively, at 25°). It is 
with the salts which are soluble in ethyl acetate, therefore, that 
anomalous results have been obtained; it follows, then, that 
whenever the added salt either combines with or is soluble in the 
neutral solute the hydration values calculated by the method 
described above are useless. 

Although the hydration values given above are in good agree- 
ment with those calculated by other authors from a variety of 
solubility measurements (Philip, loc. cit.; Philip and Bramley, 
J., 1915, 107, 377; McArthur, J. Physical Chem., 1916, 20, 495; 
Thorne, J., 1921, 119, 262; Manchot, Jahrstorfer, and Zepter, 
Z. anorg. Chem., 1924, 141, 45), it does not follow that hydration 
is the main, or even the subsidiary, cause of salting-out. This 
effect may be due to some other fundamental property of each 
ion or molecule, which is independent of the nature of the sub- 
stance being salted-out, provided no compound formation occurs. 
In the case of the sugars, some of the hydration values calculated 
by the method described above appear to be incredibly large and 
to vary considerably with temperature, and so it is probable that 
other factors are operative. 

It is seen also that molecules of a non-electrolyte have the power 
of reducing very considerably the solubility of ethyl acetate in 
water. Euler and his co-workers (Z. Hlektrochem., 1917, 23, 192; 
Z. physiol. Chem., 1924, 140, 113) appear to have tacitly assumed 
that only ions are responsible for salting-out, but it is clear that 
this assumption is not justifiable. McKeown also (J. Amer. Chem. 
Soc., 1922, 44, 1203), in attempting to assess the salting-out powers 
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of sodium- and chlorine-ions, assumes that the salting-out effect 
of undissociated molecules is very small; he finds that when ether 
is salted out with sodium chloride the effect is entirely due to the 
chlorine ions. It should be pointed out, however, that since the 
equations from which this result is obtained are admittedly 
approximate, the conclusion is of little value; almost equally 
good agreement with most of the equations may be obtained by 
using entirely different values from those of McKeown. In the 
case of ethyl acetate, it is clear that both anions and kations have 
definite salting-out power; the kations would be placed in the 
order Li>Na>K>NH,>Rb>Cs, and the anions in the order 
Cl>Br>I. 

Various authors have attempted to obtain equations which 
connect the solubility of a neutral substance in a salt, or other, 
solution with the concentration of added salt; in general, an 
equation of the type log s = a — ke has been found to be most 
satisfactory, where s is the solubility of the neutral substance, 
c the concentration of salt, and a and k are constants (for references, 
see Thorne, Joc. cit., and Linderstrém-Lang, loc. cit.). In the 
present work, it has not been possible to find any one equation 
which will fit all the results up to the highest concentrations of 
added salt; in general, the logarithmic equation was found to 
hold good in the form log w = km/w + a, where a and k are con- 
stants for a given salt, and w and m have the same meaning as 
before, up to concentrations of 2—3N. For some salts—sodium, 
potassium, and rubidium chlorides—the agreement was very good 
almost up to the saturation point. In those cases in which the 
salt was soluble in ethyl acetate the logarithmic equation was not 
obeyed at all. In the presence of lithium chloride, the solubility 
of ethyl acetate may be expressed by the straight-line equation 
w=km-+ a, and a similar equation holds good for the more 
concentrated sugar solutions. The fact that the results will not 
all conform to one simple equation suggests that the salting-out 
effect is due to several different factors, on which, it is hoped, 
further investigations will throw light. 


Solubility of Ethyl Acetate in Water. 


As the literature is very deficient in measurements of the solu- 
bility of ethyl acetate in water at different temperatures, a number 
of determinations have been made by. the method described above 
for salt solutions, with the following results :— 


Grams of Ethyl Acetate dissolved by 100 grams of Water. 
10-40 at 0°; 8-96 at 10°; 7-39 at 25°; 6-65 at 37°; 6-04 at 50°. 
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The following figures have been obtained by interpolation from a 
graph :— 
7-85 at 20°; 7-06 at 30°; 6-50 at 40°. 
The solubility thus decreases steadily as the temperature is raised 
from 0° to 50°. 
Summary. 


(1) The solubility of ethyl acetate has been determined at 25° 
and 50° in solutions of the chloride, bromide, and iodide of the 
alkali metals and of ammonium, and in solutions of dextrose, 
levulose, sucrose, and lactose. 

(2) It is shown that hydration of the salt may be one of the 
factors responsible for the salting-out effect; this effect may, 
however, be due to some other fundamental property of salt ions 
or molecules. Molecules, as well as ions, probably have considerable 
salting-out power. 

(3) The solubility of ethyl acetate in salt solutions is best expressed 
by a logarithmic equation, e.g., log w = km/w +a; the application 
of this equation, however, is limited to the more dilute salt solutions. 

(4) The solubility of ethyl acetate in water has been determined 
at 0°, 10°, 25°, 37°, and 50°; the solubility decreases with increasing 
temperature. 


The authors are indebted to the Chemical Society for a grant 
from its Research Fund which defrayed part of the expense of 
this work. Their thanks are also due to Mr. A. L. Stephens, B.Sc., 
and Mr. W. R. P. Hodgson, B.Sc., for valuable assistance. 
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CCCLXIV.—The Preparation of Tertiary Arsines by 
the Friedel-Crafts Reaction. 


By ArtTHUR FREDERICK Hunt and Eustace EBENEZER TURNER. 


THE first successful application of the Friedel-Crafts reaction to the 
preparation of tertiary arsines was the conversion of phenylmethyl- 
chloroarsine into diphenylmethylarsine (Burrows and Turner, J., 
1921, 119, 426). If the reaction were generally applicable to the 
preparation of tertiary arsines, cases would arise where it would 
be preferable to syntheses involving the use of the Grignard reagent. 
A few examples have been studied, and it has been found that 
phenylmethylchloroarsine (chosen because of its ready accessibility) 
condenses with mesitylene to give phenylmesitylmethylarsine, and 
with toluene and bromobenzene to give mainly the para-compounds, 
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phenyl-p-tolylmethylarsine and p-bromodiphenylmethylarsine, respect- 
ively. Proof of the constitution of the two last-named compounds 
has been obtained by independent syntheses, using the usual 
methods. In other Friedel-Crafts reactions, bromobenzene gives 
mainly para-compounds (Dilthey, J. pr. Chem., 1925, 109, 273). 

It appears to be advisable, in the case of Friedel-Crafts reactions 
with arsenic compounds, to use an excess of the non-arsenical com- 
ponent, and to remove the hydrogen chloride as fast as it is formed 
by keeping the reaction mixture gently boiling under diminished 
pressure. In the reaction with bromobenzene, a little of the latter 
is converted into 4-bromodiphenyl. 


ExPERIMENTAL. 


Preparation of Phenylmethylchloroarsine.—The substitution of 
methyl chloride and sulphate for methyl iodide in the methylation 
of phenylarsenious oxide (Burrows and Turner, loc. cit.) gave 
unsatisfactory results (yields of phenylmethylchloroarsine, 56% 
and 55%, respectively). 

Preparation of Phenyl-p-tolylmethylarsine—(a) From phenyl- 
methylchloroarsine and toluene. To a mixture of 15 g. of phenyl- 
methylchloroarsine and 60 g. of toluene were added 15 g. of powdered 
anhydrous aluminium chloride, and the resulting red solution was 
heated under reflux for 2-5 hours; evolution of hydrogen chloride 
had then almost ceased. The dark-coloured product was poured 
on to a mixture of ice and hydrochloric acid, when a brownish-red 
precipitate and a green, fluorescent oil separated. The oil was 
removed and filtered, washed with sodium hydroxide to remove 
unchanged chloroarsine, dried over anhydrous sodium sulphate, and 
freed from toluene by distillation. The residue, when distilled 
under diminished pressure, gave 8 g. of phenyl-p-tolylmethylarsine 
(see below), an almost colourless liquid, b. p. 164—165°/12 mm. 
(Found: As, 29-1. C,,H,;As requires As, 29-1%). The arsine 
has an unpleasant fishy odour, and slowly oxidises on keeping, with 
gradual separation of colourless crystals. It combines with methyl 
iodide slowly at the ordinary temperature (2 to 3 weeks), and 
rapidly at 100°, with production of phenyl-p-tolyldimethylarsonium 
iodide, colourless prisms, m. p. 93° (Found: I, 31-7. C,;H,,IAs 
requires I, 31-8%). 

Phenyl-p-tolylmethylarsine combines readily with ethyl iodide 
at 100° to give the phenyl-p-tolylmethylethylarsonium iodide 
obtained by Michaelis (Annalen, 1902, 321, 160) from phenyl-p- 
tolylethylarsine and methyl iodide. The iodide was described by 
Michaelis as melting at 145° or at 150—151° when crystallised from 
alcohol, or from water, respectively. The compound has now 
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been found to melt at’ 150° when crystallised from alcohol, and at 
158° when crystallised from water. Once it had been crystallised 
from water, recrystallisation from either solvent did not affect the 
m. p. (158°) (Found: I, 30-6. Calc., I, 30-7%). 

Phenyl-p-tolylmethylarsine forms with mercuric chloride a white, 
crystalline additive compound, which may be crystallised from glacial 
acetic acid. 

(b) From magnesium p-tolyl iodide and phenylmethylchloroarsine. 
A Grignard reagent made from 24 g. of p-iodotoluene, 2-6 g. of mag- 
nesium, and 100 c.c. of ether was slowly treated with 20-4 g. of 
phenylmethylchloroarsine dissolved in 20 c.c. of ether. When the 
initial reaction was over, the whole was heated under reflux for 
2 hours, and worked up in the usual manner. In this way, 18 g. 
(76% yield) of phenyl-p-tolylmethylarsine were obtained, b. p. 
167°/14 mm. The odour of this sample was less pronounced than 
that of the sample from (a), but both substances otherwise possessed 
similar properties. The arsine from (b) gave the same methiodide 
(m. p. 92°) as that from (a), a mixture of the two methiodides 
melting at 92°. 

Preparation of Phenylmesitylmethylarsine—A mixture of 15 g. of 
phenylmethylchloroarsine and 35 g. of mesitylene, treated with 
15 g. of aluminium chloride, became slightly warm and turned red. 
It was boiled gently under reflux at '75—-80°/45 mm. for some hours ; 
when the evolution of hydrogen chloride slackened, the product was 
poured on to a mixture of ice and hydrochloric acid. The resulting 
oil was extracted with benzene, the extract filtered from a reddish- 
brown precipitate, shaken with alkali, and worked up in the normal 
manner; 15 g. of mesitylene and 7 g. of phenylmesitylmethylarsine 
(yield 30%) were obtained. The latter is a colourless, mobile liquid 
having a faint fishy odour, oxidises slowly in the air to give a white, 
crystalline solid, and boils at 164°/17 mm. (Found: As, 26-6. 
C,,H,, As requires As, 26-2%). 

The arsine combines readily with methyl iodide at 100° to give 
phenylmesityldimethylarsonium iodide, which is moderately soluble 
in alcohol, and separates from that solvent in colourless prisms, 
m. p. 187° (Found: I, 29-6. C,,H,.[As requires As, 29-7%). 

The arsine combines with benzyl bromide slowly at the ordinary 
temperature, and rapidly at 100° to give phenylmesitylbenzylmethyl- 
arsonium bromide, which crystallises from alcohol, or better, from 
water, in colourless prisms, m. p. 179—180° (Found: Br, 17-7. 
C,,H»BrAs requires Br, 17-5°). 

Preparation of p-Bromodiphenylmethylarsine—(a) From phenyl- 
methylchloroarsine and bromobenzene. A mixture of 20 g. of the 
chloroarsine, 60 g. of bromobenzene, and 20 g. of aluminium chloride 
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was kept briskly boiling under diminished pressure (bath at about 
35°). After an hour, when the evolution of hydrogen chloride had 
almost ceased, the cooled product was poured on to ice and hydro- 
chloric acid, and was worked up in the usual manner. On distil- 
lation, 35 g. of bromobenzene were recovered. At 140—160°/15 mm., 
2 g. of 4-bromodipheny] distilled (white plates, m. p. 81°. Found : 
Br, 33-9. Calc., Br, 34-39%). At 170—200°/15 mm., 5 g. of 
p-bromodiphenylmethylarsine (see below) distilled as a colourless 
liquid (Found: As, 23-6. C,,H,,BrAs requires As, 23-2%). 

The arsine combined readily with methyl iodide in a closed tube 
at 100° to give a crystalline product which could not be recrystallised 
from the usual solvents. The combination of the arsine with methyl 
iodide in the cold (2 to 3 weeks), however, gave p-bromodiphenyl- 
dimethylarsonium iodide. This was precipitated by absolute ether 
from its solution in absolute alcohol, and formed very pale yellow 
prisms, m. p. 87° (Found: I, 27-0. C,,H,;BrlAs requires I, 27-3%). 

The benzobromide of p-bromodiphenylmethylarsine was obtained 
as a colourless viscid mass which could not be crystallised. 

(b) From p-bromophenylmethyliodoarsine. p-Bromophenylarsinic 
acid was prepared from p-bromoaniline in the usual manner, and 
reduced with hydrochloric—hydriodic-sulphurous acid, when 
p-bromophenyldichloroarsine was obtained. The crude, red dichloro- 
arsine, when treated with sodium carbonate in presence of warm 
water, gave p-bromophenylarsenious oxide as a sticky yellow solid. 
It was purified by dissolving in alcohol and precipitating with water, 
and then formed white prisms, m. p. 259—261° (Found: As, 30-7. 
C,H,OBrAs requires As, 30-4%). The oxide may be methylated 
direct, but as some pure dichloroarsine was required for another 
purpose, the oxide was converted into the latter in the usual manner. 
p-Bromophenyldichloroarsine was thus obtained as a heavy, orange- 
coloured liquid, boiling at 164°/18 mm., and having physiological 
properties similar to those of phenyldichloroarsine (Found : Cl, 23-5. 
C,H,Cl,BrAs requires Cl, 23-5%). 

The dichloroarsine (30-2 g.) and 16 g. of sodium hydroxide were 
dissolved in a mixture of 200 c.c. of water and 200 c.c. of alcohol, 
16 g. of methyl iodide were added, and the mixture was left for 12 
hours. Concentrated hydrochloric acid (500 c.c.) and a little potas- 
sium iodide were added, and the solution was saturated with sulphur 
dioxide. The dark-coloured oil which separated was dried over 
sodium sulphate, and distilled under diminished pressure, when 25 g. 
(70% yield) of p-bromophenylmethyliodoarsine were obtained, b. p. 
178—180°/23 mm. The iodogrsine became solid on cooling, and 
formed pale yellow needles, m. p. 36-5° (Found: I, 34-1. C;H-;BrIAs 
requires I, 34-0%). 


BENNETT AND HOCK: yy’-DICHLORODIPROPYL SULPHIDE, 2671 


A Grignard reagent was prepared from 12 g. of bromobenzene, 
24 g. of magnesium, and 250 c.c. of ether, and a solution of 24 g. 
of the iodoarsine was slowly added, a vigorous reaction occurring. 
The mixture was heated under reflux for 0-5 hour, and decomposed 
in the usual manner. The ethereal extract was shaken with alkali 
before being dried over sodium sulphate. p-Bromodiphenylmethy]- 
arsine (12 g., 60% yield) was finally obtained, having properties 
similar to those of the product of the Friedel-Crafts reaction. Identity 
of the two products was established through the methiodides, which 
did not depress each other’s m.p. 

During the course of this work, the following compounds were 
prepared incidentally : 

p-Chlorophenyldichloroarsine, a colourless, highly refractive liquid, 
b. p. 277° or at 160°/23 mm. [Found: Cl (attached to arsenic), 
27-5. C,H,ClAs requires Cl, 27-6°%]. p-Chlorophenylarsenious oxide, 
which crystallises from benzene in white needles, m. p. 198° (Found : 
As, 36-4. C,H,OClAs requires As, 37-0%). Di-p-chlorophenyl- 
chloroarsine, a pale yellow solid, m. p. 51° (Found: Cl, 31:8. 
C,,.H,Cl,As requires Cl, 32-0%). 


Part of the expense of this investigaton was met by a grant from 
the Chemical Society Research Fund, for which the authors express 
their thanks. 
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CCCLXV.—y7'-Dichlorodipropyl Sulphide. 


By GrorcEe MacponaLD BENNETT and ALFRED Louis Hock. 


THE remarkable chemical reactivity of 88’-dichlorodiethyl sulphide 
must be attributed to the influence of the sulphur atom upon the 
two chlorine atoms. A high degree of reactivity is, in fact, generally 
shown by the chlorine atom in compounds of the general formula 
R-S-CH,°CH,Cl, and there is a correspondingly high reactivity in 
the hydroxyl group of the parent compound, R*S-CH,°CH,-OH 
(compare Bennett, J., 1922, 121, 2140). The isomeric «a’-dichloro- - 
diethyl sulphide (Bales and Nickelson, J., 1922, 121, 2137; Mann 
and Pope, J., 1923, 123, 1172) readily yields its chlorine when 
boiled in solution with alcoholic sodium hydroxide; the chlorine 
is therefore in a reactive condition. No data, however, are avail- 
able for a quantitative comparison of the properties of chlorine atoms 
situated in the «- and £-positions. 

yy'-Dichlorodipropyl sulphide, the first simple chlorosulphide 
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having the chlorine atom in the y-position, has now been prepared. 
It is decidedly less reactive than 8$’-dichlorodiethyl sulphide and 
88’-dichlorodipropyl! sulphide (Coffey, J., 1921, 119, 94; Pope and 
Smith, ibid., 396). It was prepared from yy’-dihydroxydipropyl 
sulphide obtained by the action of sodium sulphide on y-chloropropyl 
alcohol, but the replacement of the hydroxy] groups in the dihydroxy- 
sulphide by chlorine was as exceptionally difficult as the analogous 
reaction is surprisingly easy with $-hydroxy-sulphides. Whereas 
the latter operation is completed in a few minutes by boiling con- 
centrated hydrochloric acid (Clarke, J., 1912, 101, 1583; Coffey, 
loc. cit.), replacement of the hydroxyl groups of yy’-dihydroxy- 
dipropyl sulphide did not occur when any of the usual reagents 
such as hydrochloric acid, phosphorus tri- or penta-chloride, or 
phosphorus tri-iodide were employed, and hydrogen chloride at 
150° reacted only slowly to give a poor yield of chloro-compound. 
The hydroxy] groups in this sulphide are therefore less reactive than 
is usual in a primary alcohol. The use of thionyl chloride alone 
gave no better result, but the dichlorodipropy] sulphide was obtained 
easily in good yield when this reagent was used in presence of 
dimethylaniline (Darzens, Compt. rend., 1911, 152, 1314). 

The difference in character of the B- and the y-chlorine atoms is 
well shown by the action of potassium cyanide in alcoholic solu- 
tion upon £§’-dichlorodiethyl and yy’-dichlorodipropyl sulphides. 
Whereas Davies has shown that the former is converted into an 
unexpected substance of the formula C,H,,8,(CN), (J., 1920, 117, 
298), we find that the latter is smoothly converted into the dinitrile 
of thiodibutyric acid (Gabriel, Ber., 1890, 23, 2493). 

A study of the oxidation of yy’-dichlorodipropyl sulphide showed 
that the sulphur atom in the molecule has unusual properties. 
Although the action of sodium hypobromite, nitric acid, or hydrogen 
peroxide upon the sulphide at laboratory temperature might be 
expected to furnish a sulphoxide, these reagents produced the same 
compound which resulted from oxidation with chromic anhydride 
in boiling glacial acetic acid, namely, the sulphone, 

SO,(CH,°CH,°CH,Cl),, 

of m. p. 66°. It thus appears to be a property of the sulphide to 
take up two atoms of oxygen per molecule instead of one. More- 
over, neither a sulphilimine nor a mercurichloride could be obtained 
from it, and its dibromide, which can be prepared only in the presence 
of a very large excess of bromine, is even more unstable than the 
dibromide of £§’-dichlorodiethyl sulphide, so that there seems 
to be a general reluctance to form derivatives involving quadri- 
valency of the sulphur atom. 

A comparison of the rates of reaction of 88’-dichlorodiethyl and 
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yy'-dichlorodipropyl sulphides with sodium hydroxide in ethyl 
alcohol showed that, the course of the two reactions being assumed 
to be similar, the former reacts sixty times as fast as the latter. 
We hope to make a systematic comparison of these and other chloro- 
sulphides when a synthesis of a 8-chloro-sulphide has been com- 
pleted. 

ExPERIMENTAL. 

Action of Sodium Sulphide on y-Chloropropyl Alcohol.—A solution 
of sodium sulphide (95 g. Na,S,9H,O) in an equal weight of water 
was added cautiously in three portions to y-chloropropyl alcohol 
(60 g.), the mixture heated under reflux for 3 hours and then dis- 
tilled with steam until the distillate no longer gave a white precipi- 
tate with mercuric chloride. The distillate was boiled with an excess 
of yellow mercuric oxide, filtered, concentrated, and cooled; a 
small quantity of the mercaptide of y-hydroxypropyl mercaptan, 
Hg(S-C,H,°OH),, then separated out. It crystallised from n-butyl 
alcohol in silvery plates, m. p. 132—134° (Found: Hg, 52-9. 
C,H,,0,S,Hg requires Hg, 52-5%). 

The solution remaining in the distillation flask was made acid 
with hydrochloric acid and concentrated on the steam-bath. The 
bulk of the sodium chloride was removed by filtration after dilution 
with acetone, the solution dried, and the acetone evaporated. The 
residual viscous oil was heated in a current of dry air at 100° under 
diminished pressure and finally poured off from a little sodium 
chloride which it deposited from solution. 

yy'-Dihydroxydipropyl sulphide, S(C;H,°OH),, was thus obtained 
as a viscous oil which could not be distilled or induced to crystallise, 
and was not analysed. With phenylcarbimide it reacted at once 
to give the bisphenylurethane, S(C,H,*O-CO-NHPh),, colourless 
needles from benzene, m. p. 146—148° (Found: C, 62-1; H, 6-5. 
C.5H,,0,NS requires C, 61-8; H, 6-2%). 

Action of Thionyl Chloride, Phosphorus Halides, and Hydrogen 
Chloride upon yy'-Dihydroxydipropyl Sulphide—The dihydroxy- 
sulphide was not appreciably affected by heating for 2 hours with 
boiling concentrated hydrochloric acid. The action of thionyl 
chloride, phosphorus tri- or penta-chloride or phosphorus tri-iodide 
led to the production of non-volatile substances which were pre- 
sumably esters of the corresponding hydroxy-acids. For example, 
after the dihydroxy-compound had reacted in presence of dry 
benzene with phosphorus tri-iodide (2/3 mol.), the material recovered 
from the solution could not be distilled under diminished pressure, 
and when kept in a desiccator it slowly hardened to a resinous mass 
without crystallising, an odour of mustard being simultaneously 
developed. , 
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The replacement of the hydroxyl groups was first achieved as 
follows: the dihydroxypropyl sulphide was heated at 150—160° 
while a stream of dry hydrogen chloride was passed into it for 2-5 
hours. The product was distilled; a small quantity of an oil, 
b. p. 135—150°/25 mm., was obtained, which consisted of practically 
pure dichlorodipropyl sulphide (yield 17%). 

yy'-Dichlorodipropyl Sulphide—Thionyl chloride (80 g.) was 
added drop by drop to a well-cooled mixture of yy’-dihydroxy- 
dipropy! sulphide (45 g.) and dimethylaniline (80 g.), kept below 
60°. The mixture was then heated at 100° for 4 hour, poured into 
an excess of dilute hydrochloric acid, the oil extracted with chloro- 
form, and the extract washed with water, dried, and distilled. 
yy'-Dichlorodipropyl sulphide, 8(C3zH,Cl),, was thus obtained as a 
faintly yellow oil of pronounced odour, b. p. 162°/43 mm. (yield 
83%) (Found: C, 38-9; H, 6-5; Cl, 38-2; S, 16-7. C,H,,Cl,S 
requires C, 38-5; H, 6-3; Cl, 37-9; 8S, 17-15%). The following 
constants were determined: D? (vac.) = 1-175, n® = 1-5075, 
whence [Rx]. = 47-42 (cale., 47-25). The liquid did not crystal- 
lise when cooled to the temperature of. liquid air and allowed to 
revert slowly to normal temperature. 

Compound with Platinic Chloride-—This was obtained in 
greenish-yellow plates, m. p. 83-5—85°, by adding platinic chloride 
(0-86 g.) in acetone to the chloro-sulphide (0-46 g.) also dissolved 
in acetone (5 c.c.), the product crystallising in the course of a 
few hours. It had the composition 28(C,;H,Cl),,PtCl, (Found : 
Pt, 27-7. C,,H,,C],SPt requires Pt, 27-4%). 

An unstable dibromide, S(C,;H,Cl),.Br,, was obtained from the 
chloro-sulphide (0-94 g.) with bromine (4 g.) in carbon tetrachloride 
(5 c.c.). The crystals were quickly filtered off, washed with a little 
of the pure solvent, dried on porous tile, and analysed at once, since 
the substance decomposed completely when kept over-night (Found : 
Br, 57-7. C,H,,Cl,Br,S requires Br, 59-8%). 

Repeated attempts: to prepare a sulphilimine led only to the 
isolation of toluene-p-sulphonamide, m. p. 137° (Found: C, 48:8; 
H, 5-3. Cale., C, 49-1; H, 53%). 

Action of Methyl Iodide-——When the chloro-sulphide was mixed 
with methy] iodide (5 mols.), crystals appeared in the liquid within 
4 hour, of m. p. 179—181°, but a sufficient quantity for analysis 
could not be collected. If left in the liquid, the crystals soon 
redissolved and a viscous oil separated. This oil was almost entirely 
soluble in water, but the solution deposited an oil again on evapor- 
ation and dissociation of the sulphonium compound evidently took 
place with liberation of the original sulphide. The residue obtained 
by evaporating the excess of methyl iodide from the original mixture 
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could not be induced to solidify, but it readily combined with 
mercuric iodide to produce a solid which crystallised from acetone— 
chloroform in yellow needles (the chloro-sulphide itself is quite 
indifferent to mercuric iodide). After three recrystallisations, the 
substance had m. p. 84—88° and analysis showed it to be di- 
chlorodipropylmethylsulphonium mercuri-iodide, (C,;H,Cl),SMelI,HglI, 
(Found : Hg, 27-1; AgCl + AgI, 123-7. C,H,,Cl,I,SHg requires 
Hg, 25-65; AgCl + AglI, 126-5%). This compound was evidently 
not quite pure, but further purification was not possible, since dis- 
sociation of the substance occurred in solution, an odour of the 
original chloro-sulphide being always developed during recrystal- 
lisation. 

Action of Oxidising Agents.—The chloro-sulphide was shaken with 
an ice-cold solution of sodium hypobromite (1-8 mols.), the mixture 
heated at 50° for 5 minutes, and finally cooled in ice; the oil obtained 
solidified to a mass of crystals, which were recrystallised from 
benzene-light petroleum. This substance was yy’-dichlorodipropyl- 
sulphone, (C3H,Cl),SO., m. p. 65—66° (Found: C, 32-7; H, 5-6; 
Cl, 32-4. C,H,,0,CI1,S requires C, 32-9; H, 5-5; Cl, 32-4%). It is 
appreciably soluble in water and readily soluble in most organic 
solvents with the exception of light petroleum. In view of the 
unexpected nature of this product the analyses were repeated—with 
similar results. The substance was also produced when the chloro- 
sulphide was (i) dropped into a mixture of fuming (2 vols.) and con- 
centrated (1 vol.) nitric acid cooled in a freezing mixture; (ii) 
dissolved (0-94 g.) in glacial acetic acid (2 c.c.), mixed with hydrogen 
peroxide (0-7 g. in 2 c.c. of 60% acetic acid) slowly with cooling, and 
kept at laboratory temperature for 48 hours; and (iii) heated for 
2 hours in boiling glacial acetic acid with chromic anhydride (twice 
the calculated amount to produce a sulphone). 

yy'-Diphenoxydipropyl Sulphide (PhO-C,H,),S.—The  chloro- 
sulphide (1-2 g.) was heated at 180° for 2 hours with phenol (6 g.) 
and sodium ethoxide (from 0-3 g. of sodium). The mixture was 
made acid and distilled with steam. The residual oil solidified when 
washed with a little aqueous alkali, and was then recrystallised from 
methyl alcohol; m. p. 45° (Found: C, 71:35; H, 7-4. C,,H,.0,8 
requires C, 71-35; H, 7:3%). 

yy'-Di-p-tolyloxydipropyl sulphide, prepared in a similar way from 
p-cresol, had m. p. 50—52° (Found: C, 72-9; H, 7-9. Cy9H,g0.8 
requires C, 72-7; H, 7-9%). 

Action of Piperidine on the Chloro-sulphide——When a mixture of 
the chloro-sulphide with piperidine (8 mols.) was kept for 24 hours, 
crystals of piperidine hydrochloride separated out. The mixture 


was made alkaline and distilled with steam. The residual oil 
4u2 
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was removed in ether, the extract dried and evaporated, when 
yy'-dipiperidinodipropyl sulphide, (CsH;>N-C,H,),S, was left as an 
oil which did not crystallise. It readily yielded a picrate, which 
crystallised from methyl alcohol in yellow needles, m. p. 199—200° 
(Found: C, 45-3; H, 5-8. C,.H,,0,,N,S requires C, 45-3; H, 5-2%). 

Action of Potassium Cyanide.—The chloro-sulphide (1-87 g.) was 
heated in boiling ethyl alcohol for 9 hours with potassium cyanide 
(2 g. =3 mols.). The alcohol was evaporated, water added, the 
precipitated oil removed in ether, and the ether evaporated. The 
crude dinitrile thus obtained was at once hydrolysed by boiling with 
concentrated hydrochloric acid (15 c.c.) for 2 hours. The cold 
diluted solution was extracted several times with ether, and the 
extract on evaporation left a solid (0-8 g.) which was crystallised 
once from a little water and once from benzene-light petroleum. 
This substance was thiodibutyric acid, of m. p. 99—101° (Gabriel, 
loc. cit., and Davies, J., 1920, 117, 297) (Found : by titration, equiv., 
105. Calc., 103-1). 

Action of Potassium Sulphide—The chloro-sulphide (4:0 g.) 
was heated for 3 hours with a boiling ethyl-alcoholic solution of 
freshly prepared potassium sulphide (from 4:8 g. of potassium 
hydroxide); the mixture was then distilled with steam. The 
residual oil, which solidified on cooling, crystallised from carbon 
disulphide-light petroleum as a white powder melting indefinitely 
between 50° and 70°. Repeated crystallisation failed to separate 
any substance of sharp melting point. This material, although 
evidently not a pure chemical individual, had approximately the 
composition of a polymeride of hexamethylene disulphide (Found : 
C, 48-0; H, 8-4; M, cryoscopic in camphor, 1400, 1740. C,H,,S, 
requires C, 48-65; H, 81%; M, 148). It closely resembles the 
“polymeric ” diethylene disulphide which results from the action 
of alkali sulphides upon ethylene dibromide or dichlorodiethyl 
sulphide, and both are probably mixtures of substances having a 
long open-chain structure (compare Bennett and Whincop, J., 
1921, 119, 1861; Staudinger, Helv. Chim. Acta, 1925, 8, 67). 

Comparison with 88'-Dichlorodiethyl Sulphide with respect to Speed 
of Reaction with Alcoholic Sodium Hydroxide.—A solution of dichloro- 
diethyl sulphide in ethyl alcohol (10 c.c.; 0-23 mol. per litre) was 
added to boiling alcoholic sodium hydroxide (25 c.c. ; 0-5115N), and 
the mixture boiled under reflux. It was found by titration that 
after 5 minutes the reaction had completed itself to the extent 
of 715%. An approximately equivalent solution of yy’-dichloro- 
dipropyl sulphide (10 c.c.; 0-25 mol. per litre) was mixed with the 
same volume of the same solution and boiled for 5 hours; the 
reaction had then completed itself to the extent of 71-7%. 
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CCCLXVI.—Researches on Sulphuryl Chloride. Part 
IV. Further Studies on a New Chlorinating Agent. 
Preparation of Polychloro-derivatives of Toluene. 


By Oswatp SILBERRAD. 


In previous communications (J., 1921, 119, 2029; 1922, 121, 
1015) it was shown that anhydrous aluminium chloride and sulphuryl 
chloride interact to form aluminium chlorosulphoxide, AICI,:SO, ; 
and that in the presence of sulphur, aluminium sulphur chloride, 
AICl,:SCl-SCIAICI,, is produced: further, that towards sulphuryl 
chloride both these compounds act as potent catalysts, the latter 
being quite the most convenient chlorinating agent at our disposal, 
and also one of the most powerful. 

It is with the object of extending our knowledge of this 
reagent, hitherto restricted to its action on benzene (loc. cit.), 
that the present research on the chlorination of toluene was 
undertaken. 

The only earlier work that has any bearing on this subject is 
that of Witte (Pharm. Rec., New York, Dec. 16, 1889), Tohl and 
Eberhard (Ber., 1893, 26, 2943), and Béeseken (Rec. trav. chim., 
1911,:30, 381).- These experimenters all investigated the action 
of sulphury] chloride on toluene in the presence of aluminium chloride 
under conditions conducive to the Friedel-Crafts reaction and 
obtained mixtures composed of o- and p-toluenesulphonyl] chlorides 
as the chief ingredients, together with lesser amounts of o- and 
p-chlorotoluenes, ditolylsulphone (T. & E.), and o- and p-toluene- 
sulphonic acids (B.). 

If, however, sulphuryl chloride containing about 1% of sulphur 
chloride be run into a mixture of toluene and anhydrous aluminium 
chloride previously heated at about 70°, aluminium sulphur chloride 
is instantaneously formed and chlorination takes place as rapidly 
as the mixture is added, an almost theoretical yield of mono-, di-, 
tri-, or penta-chlorotoluene being produced with equal ease and 
rapidity by simply adjusting the relative proportions of hydro- 
carbon and reagent. ~ Progressive chlorination proceeds in accord- 
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ance with the following scheme, indeed the isomerides therein 
depicted are produced almost to the exclusion of all others : 


The nature and proportions of the various isomerides produced 
differ sufficiently from those hitherto obtained by direct chlorination 
to render it necessary to refer briefly to each stage of the chlorination. 

Monochlorotoluenes.—The ratio of the para-compound to the 
ortho in the product is slightly higher than that in the case of 
chlorination in presence of an aluminium-—mercury couple (Cohen 
and Dakin, J., 1891, 79, 1119) but lower than that obtained by the 
electrolysis of a mixture of toluene and hydrochloric acid (Cohen, 
Dawson, and Crossland, J., 1905, 87, 1035). 

Dichlorotoluene.—Here the 2 : 4-isomeride is produced almost in 
a state of chemical purity. This is surprising, for the only chloro- 
toluene higher than the mono-derivative hitherto produced by the 
action of sulphuryl] chloride on toluene is the 3 : 4-isomeride, which 
Tohl and Eberhardt obtained in small quantity by heating a mixture 
of these substances in a sealed tube at 160° (Ber., 1893, 26, 2942). 
All other means of preparing dichlorotoluene by direct chlorination 
of the hydrocarbon give rise to complex mixtures of the following 
isomerides—3 : 4- (Beilstein and Kuhlberg, Annalen, 1868, 146, 
319), 2: 6- (Aronheim and Dietrich, Ber., 1875, 8, 1402), 2: 4- and 
2:3- (Seelig, Annalen, 1887, 237, 157), 2: 5- (Wynne, P., 1901, 
17, 116); compare also Cohen and Dakin (J., 1901, 79, 1119), who, 
by working with o- and p-chlorotoluene separately, showed that 
the product obtained by chlorinating toluene in the presence of an 
aluminium-—mercury couple contained all these isomerides with the 
possible exception of 2 : 5-dichlorotoluene. 

Trichlorotoluenes.—As was to be expected from the nature of 
the dichlorination product, the addition of the required quantity of 
the new reagent to toluene leads to the formation of practically 
nothing but the 2:4:5- and 2:3: 4-trichloro-derivatives, indeed 
they are so free from other isomerides that these two compounds 
can be easily separated, and in this respect the product compares 
very favourably with that obtained by any of the known processes 
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of chlorinating toluene, which lead to mixtures of 2:3: 4-,2:4:6-, 
2:3:6-, and 2:4: 5-trichlorotoluenes (Limpricht, Annalen, 1866, 
139, 303; Beilstein and Kuhlberg, Aronheim and Dietrich, Seelig, 
loc. cit., Cohen and Dakin, J., 1902, 81, 1324). 

Tetrachlorotoluenes.—In this instance some doubt appears to exist 
as to precisely what isomerides are formed by direct chlorination. 
Limpricht (loc. cit., p. 327) obtained a tetrachlorotoluene melting 
at 96° (the 2:3:4:5-isomeride melts at 98-1°). On the other 
hand, working with antimony pentachloride, Beilstein and Kuhlberg 
(Annalen, 1869, 150, 287) isolated a compound the m. p. of which 
(91—92°) agreed more closely with that of the 2 : 3 : 4 : 6-isomeride 
(91-5—92°). Again, Cohen and Dakin (J., 1904, 85, 1283), who 
subsequently investigated this subject by further chlorinating the 
trichloro-compounds in presence of an aluminium—mercury couple, 
obtained from the 2 : 3 : 4-isomeride a product, melting at 89—91° 
and giving a nitro-derivative, m. p. 149°, which they concluded to 
be 2: 3:4: 6-tetrachlorotoluene (m. p. 91-5—92°; nitro-derivative, 
m. p. 153°); and from 2: 4: 5-trichlorotoluene, a product melting 
at 86—88° which they took to be the 2:3:4:5-derivative. The 
same experimenters, however, subsequently showed that this 
particular isomeride melts at 97—98° (J., 1906, 89, 1453), so there 
still remains some doubt as to its formation. The results obtained 
with the new chlorinating agent appear to confirm this and Lim- 
pricht’s observation that the isomeride (the 2:3:4:5-) is the 
principal one obtained by introducing four chlorine atoms into 
toluene. The method cannot, however, be recommended for the 
preparation of any of the tetrachlorotoluenes, for not only are the 
isomerides formed in such proportions that there is considerable 
difficulty in separating them, but also the trichlorotoluenes show 
a great tendency to pass directly to the pentachloro-derivative 
under the influence of the reagent, behaving in this respect in a 
manner analogous to that observed in the preparation of penta- 
chlorobenzene (Silberrad, J., 1922, 121, 1020). In this connexion 
it is to be observed that both these compounds are penta-substituted 
derivatives of benzene. 

Pentachlorotoluene.—Unlike other powerful chlorinating agents, 
which lead to products contaminated with hexachlorobenzene 
(Beilstein and Kuhlberg, Annalen, 1869, 150, 898; Fichter and 
Glantzstein, Ber., 1916, 49, 2473), the new reagent does not attack 
the side chain at all; this is neither substituted nor split off. Penta- 
chlorotoluene, which is formed with the utmost ease, is the end- 
product of the reaction; the yield is nearly theoretical and the 
product practically pure. 
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ExPERIMENTAL. 


The preparation of the reagent and the general procedure adopted 
were similar to those previously described (J., 1922, 121, 1018). 
The apparatus consisted of a suitable-sized flask fitted with and 
ground to a 6-bulb reflux condenser,* the upper portion of which 
was connected through a trap to a flask containing 10 litres of water 
to absorb the sulphur dioxide and hydrogen chloride which are 
copiously evolved during the reaction. The required quantity of 
the reagent (i.e., sulphuryl chloride containing 1% of sulphur 
chloride) was run into toluene mixed with anhydrous aluminium 
chloride, the apparatus being immersed in a water-bath previously 
heated to about 70°. Chlorination took place at the rate at which 
the reagent was run in. The actual time occupied was approxim- 
ately 4 hour per chlorine atom introduced; thus, trichlorotoluene 
was obtained after 14 hours, and the pentachloro-derivative after 
24 hours. This period may be much shortened if desired. 

2- and 4-Chlorotoluenes—On adding the chlorinating agent 
(280 g. = 24% excess) to a mixture of toluene (184 g.) and anhydrous 
aluminium chloride (10 g.) under the conditions described above, a 
vigorous reaction took place at once; the product was at first 
brilliant purple, but rapidly became ruddy-brown. After washing 
with hot water, 247 g. of an oil were obtained which distilled almost 
wholly between 153—165°/758 mm., yielding 222 g. in one instance 
and 227 g. in another (88% of the theoretical). The nature and 
proportions of the isomerides present were determined by oxidising 
50 g. of the product with permanganate; 21 g. of p- (m. p. 236°) 
and 16 g. of o-chlorobenzoic acid (m. p. 137°) were obtained; no 
meta-acid could be detected. 

2 : 4-Dichlorotoluene.—The chlorinating agent (560 g.) was run 
into a mixture of toluene (184 g.) and anhydrous aluminium chloride 
(10 g.) as above described, and the reaction completed by heating 
at 100° for a few minutes, the total time occupied being 1 hour. 
The deep brown reaction product yielded 240 g. of a heavy oil 
when boiled with water, and 220 g. of almost pure 2 : 4-dichloro- 
toluene on subsequent fractionation. 

Preparation of 2: 4-dichloro-3 : 5-dinitrotoluene. In order to 
identify it, the above oil (100 g.) was run into a mixture of nitric 
acid (200 c.c.; d 1-48) and sulphuric acid (400 c.c.; d 1-84) at 60°; 
the reaction mixture was then heated at 105° for 4 hour. On 
pouring the product into water, an oil separated which, on cooling, 
set to a pale yellow, crystalline mass: this, filtered off from the 


* A very convenient form of apparatus for the purpose is obtainable from 
Messrs. Townson and Mercer, Ltd., 34 Camomile St., E.C. 
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adherent oil, washed with cold alcohol, and recrystallised from the 
same solvent, yielded 94 g. of pure 2 : 4-dichloro-3 : 5-dinitrotoluene, 
m. p. 104-3° (corr.) (Cohen and Dakin give 104°, and Seelig 102°) 
(Found : Cl, 28-3%). 

Preparation of 2: 4-dichloro-3 : 5-dinitrobenzoic acid. The oily 
residue from which the above product had separated was boiled 
(20 g.) with nitric acid (200 c.c.; d 1:42) and mercuric nitrate 
(2 g.) for 120 hours. On cooling, 11 g. of 2: 4-dichloro-3: 5- 
dinitrobenzoic acid (m. p. 210—211°. Found: Cl, 25-22%) 
crystallised; no other isomeride could be detected. 

It must therefore be concluded that on chlorinating toluene as 
above described the product consists of almost pure 2 : 4-dichloro- 
toluene. 

2:4:5-and 2:3: 4-Trichlorotoluenes.—Into a mixture of toluene 
(184 g.) and anhydrous aluminium chloride (10 g.) at 70°, the 
chlorinating agent (840 g.) was run during 1} hours. On boiling 
the dark vandyke-brown reaction mass with water, and fraction- 
ating, the oily product (324 g.) passed over between 215° and 245° ; 
this slowly set to a crystalline mass consisting of almost equal parts 
of 2:4:5- and 2:3: 4-trichlorotoluenes (yield 83%). 

Isolation and identification of 2 : 4 : 5-trichlorotoluene. The crystal- 
line mass was freed from oil, washed with cold alcohol, and recrystal- 
lised from the same solvent, whereby 151 g. of pure 2 : 4 : 5-trichloro- 
toluene separated as glistening needles or leaflets, m. p. 82-4° 
(corr.) (Found: Cl, 54:3%). From this, 2:4: 5-trichloro-3 : 6- 
dinitrotoluene, m. p. 227°, was prepared. 

Isolation and identification of 2 : 3 : 4-trichlorotoluene. The residual 
oil and mother-liquors from which the 2: 4: 5-isomeride had been 
separated yielded, on fractionation, 158 g. of an oil, b. p. 225—239°, 
together with 17 g. of a lower fraction which consisted chiefly of 
dichlorotoluene. On standing, the main fraction set to a wax-like 
mass; this was mascerated with 300 c.c. of cold alcohol. The 
residue, 7-2 g., consisted chiefly of the 2 : 4 : 5-isomeride and melted 
after several recrystallisations at 81—82°. Water was added to 
the alcoholic extract until a permanent opalescence appeared, just 
sufficient alcohol added to redissolve this at 20°, and the solution 
kept at 0° for several days; the wax-like, crystalline solid which was 
obtained (74 g.), on recrystallisation from alcohol, melted at 41° 
and proved to be 2:3: 4-trichlorotoluene (Found: Cl, 54-4%). 
The yield of the pure substance was 56 g. 

Preparation of 2:3: 4-trichloro-5 : 6-dinitrotoluene. On adding 
water to the mother-liquors from which 2 : 3 : 4-trichlorotoluene had 
crystallised an oil (70 g.) was precipitated which, on nitration as 
described in the preparation of 2 : 4-dichloro-3 : 5-dinitrotoluene, 

4u* 
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yielded 64 g. of 2:3: 4-trichloro-5 : 6-dinitrotoluene, m. p. 141° 
(Found : Cl, 44-2°%). No derivatives of other isomerides could be 
isolated. The above results therefore correspond to a yield of 
40°, of 2:4: 5-trichlorotoluene and 34% of the 2: 3 : 4-isomeride. 

2:3:4:5-Tetrachlorotoluene—The direct preparation of this 
compound from toluene is not to be recommended, because on 
treating toluene (184 g.) with sufficient of the chlorinating agent 
(1120 g.) to produce the tetrachloro-derivative as above described, 
besides trichlorotoluene (104 g.) and pentachlorotoluene (130 g.), 
a mixture of isomeric tetrachlorotoluenes (87 g.) is obtained, the 
separation of which presents the greatest difficulty. The trichloro- 
toluene so produced consists chiefly of the 2 : 3 : 4-isomeride, from 
which it would appear that when a mixture of 2:3:4- and 
2:4: 5-trichlorotoluenes is subjected to the action of the new 
chlorinating agent the 2:4:5-isomeride is converted into the 
pentachloro-derivative before the 2:3:4-compound is attacked 
to any appreciable extent. An experiment with a mixture of these 
isomerides confirmed this conjecture, whilst a further experiment 
with pure 2:3: 4-trichlorotoluene led to a result similar to that 
above described where toluene was the initial material. Pure 
2:4: 5-trichlorotoluene was therefore used for the preparation of 
the tetrachloro-derivative : to this end, this compound (98 g.) was 
mixed with anhydrous aluminium chloride (5 g.), the surrounding 
water-bath raised to incipient ebullition until the trichloro-compound 
had completely melted, and the chlorinating agent (70 g.) was then 
run in. On cooling, the product set to a dark brown, scaly mass. 
This was boiled with 100 c.c. of toluene and 50 c.c. of water, the 
toluene solution separated, and mixed with an equal volume of 
alcohol; the bulk of the pentachlorotoluene present (12 g.) slowly 
crystallised in long, glistening needles. 

The mother-liquor, which contained the whole of the tetrachloro- 
toluene, was freed from solvent and fractionally distilled. The first 
fraction, b. p. 230° -- 15° (11 g.), consisted chiefly of unaltered 
2:4: 5-trichlorotoluene. 

The second fraction, b. p. 273° + 15° (49 g.), was again treated 
as above described for the removal of pentachlorotoluene, and a 
further 2 g. were thus removed; the mixed solvent was then 
distilled off and the residue ground up with 25 c.c. of cold absolute 
alcohol; this treatment, repeated twice, the alcoholic extract being 
filtered off each time, yielded 4 g. of 2: 4: 5-trichlorotoluene. The 
solid residue (40 g.) consisted chiefly of 2:3: 4: 5-tetrachloro- 
toluene, and after eleven recrystallisations from a series of solvents 
(light petroleum—benzene; alcohol; and dilute alcohol) was 
obtained in long, flexible, silky needles, closely resembling asbestos 
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in appearance, melting at 98-1° (corr.) and giving 2:3: 4: 5-tetra- 
chloro-6-nitrotoluene, m. p. 159-6° (corr.), on nitration under con- 
ditions similar to those described above in the preparation of 
2 : 4-dichloro-3 : 5-dinitrotoluene. 

Identification of 2:3:4:6-tetrachlorotoluene and preparation of 
2:3: 4: 6-tetrachloro-5-nitrotoluene. The compounds present in the 
mother-liquors from which the 2 : 3 : 4: 5-isomeride had separated 
were bulked, freed from solvent, redissolved in alcohol, and roughly 
separated into three fractions by precipitation. Each fraction was 
nitrated as described above, and the nitro-products were fractionally 
crystallised from alcohol of varying degrees of dilution. Worked 
up in this manner, the first and second fractions only yielded 
products having constant melting points; that from the former 
melted at 159° and was evidently 2:3: 4: 5-tetrachloro-6-nitro- 
toluene, and that from the latter melted at 154° and appeared 
to be 2:4:5:6-tetrachloro-3-nitrotoluene (Found: Cl, 51-1. 
C,H,O,NCl, requires Cl, 51-6°%). It seems probable, therefore, 
that the compound, m. p. 153°, obtained by Cohen and Dakin as 
the final product of nitrating 2:3: 4: 6-tetrachlorotoluene (J., 
1904, 85, 1231) was the true nitro-derivative and that the substance 
melting at 131—134° which they took to be 2 : 3 : 4: 5-tetrachloro- 
3-nitrotoluene owed its low melting point to the presence of the 
unnitrated compound; indeed, as these investigators point out, 
their analysis shows the presence of a considerable quantity (about 
10%) of this impurity. The true melting point of 2: 4: 5 : 6-tetra- 
chloro-3-nitrotoluene therefore appears to be 154°. Unfortunately, 
the quantity obtained by this most tedious process was too small 
to admit of a more complete identification. 

Pentachlorotoluene.—Toluene (184 g.) mixed with aluminium 
chloride (10 g.) was treated with the chlorinating agent (1632 g. = 
20% excess) as above described, the reaction being completed by 
heating in the boiling water-bath for } hour. During the chlorination 
the reacting mixture became successively a brilliant purple liquid, 
a red-brown liquid, a dark brown, scaly mass, an almost white, 
crystalline lump. On boiling the product with 3 litres of benzene 
and 100 c.c. of water, separating the benzene solution, and allowing 
it to cool, the pentachloro-compound (380 g.) crystallised in almost 
colourless needles which, on recrystallisation, melted at 217-5° 
(uncorr.) (Found: Cl, 67-:1%). Pentachlorotoluene is soluble in 
3°4 vols. of toluene at 87° and in 22 vols. at 17°. 

Action of the Chlorinating Agent on Pentachlorotoluene.—A mixture 
of pentachlorotoluene (100 g.), anhydrous aluminium chloride 
(10 g.), and the chlorinating agent (200 g.) was heated on the water- 


bath for 8 hours. Qn recrystallising the product from benzene, 
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88 g. of pentachlorotoluene, m. p. 217°, were recovered, whilst the 
residue, which was almost insoluble in benzene, after recrystallis- 
ation from chlorobenzene, melted at 272—274° and appeared to be 
a condensation product, possibly nonochlorophenyltolylmethane, 
C,Cl,°CH,°C,Cl,-CH,, produced by the condensation of penta- 
chlorotoluene (2 mols.) under the influence of anhydrous aluminium 
chloride (Found: Cl, 64-4. C,,H;Cl, requires Cl, 65-0%). 

Pentachlorobenzoic acid.—Owing to the great similarity existing 
between hexachlorobenzene and pentachlorotoluene, and the very 
slight influence the addition of the former has on the melting point 
of the latter, the purity of the pentachlorotoluene recovered as 
above described was further established by oxidising 20 g. with 
nitric acid (200 c.c.; d 1-42) and mercury (2 g.), by boiling the 
mixture until solution was complete (150 hours). On pouring the 
acid liquor into water, a white, crystalline precipitate separated ; 
this redissolved completely in ammonia and proved to be practically 
pure pentachlorobenzoic acid, m. p. 199-5° (Found: Cl, 59-6. 
Cale., Cl, 60-2%). The acid is very soluble in toluene or alcohol. 
It has the extraordinary property of separating from the latter 
solution as an oil on dilution, in spite of its high melting point. It 
is best crystallised from toluene-light petroleum, from which it 
separates in large, truncated prisms. 


My thanks are due to Messrs. A. Boake Roberts and Co. Ltd., 
of Stratford, for supplying the sulphuryl chloride required for this 


investigation. 
THE SILBERRAD RESEARCH LABORATORIES, 
Buckxuurst Hit, Essex. [Received, September 11th, 1925.] 


CCCLXVII.— Reduction Products of the Hydroxyanthra- 
quinones. Part VII. 


By Wu114mM Bertram MimLeR and ARTHUR GEORGE PERKIN. 


A COMPARISON of the formule of the hydroxyanthrones obtained 
during the reduction of 1l-hydroxyanthraquinone and of 1: 2- 
dihydroxyanthraquinone (alizarin) is of interest because, whereas 
the former (I) contains the hydroxy] adjacent to the carbonyl group, 
in the latter ser ay hydroxyls are in the 3 : 4-positions thereto. 


OND oe Ym oe Xone 


(I.) (I1.) (Tit. 
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As is well known, the hydroyxl group adjacent to the carbonyl 
group in hydroxy-ketones differs in properties from those present 
in other positions, and to explain this, it is assumed to be involved 
with the carbonyl to form an ortho-quinonoid, or a six-membered, 
chelate grouping (Sidgwick and Callow, J., 1924, 125, 527), or that 
in any case some form of attraction exists between the two. If 
the reduction of the hydroxyanthraquinones follows the scheme 
applicable to anthraquinone itself, 


pn, > gma es FX 
\co% \c(OH)~ \cCH(OH)” \cH,” 


it is reasonable to assume that owing to the attraction of the 
«-hydroxyl for carbonyl, in the change from b to c, these will take 
up adjacent positions, as, indeed, occurs with the 1-hydroxyanthrone 
(I) derived from 1-hydroxyanthraquinone. For a similar reason, 
it is to be expected that, as the «-hydroxy] is present in alizarin also, 
this on reduction will yield the 1 : 2-dihydroxyanthrone, whereas 
as a matter of fact the 3 : 4-dihydroxy-compound is produced (II). 
To account for this, it seems likely that in this case the attraction 
of the «-hydroxyl for the carbonyl is either non-existent, or is 
suppressed by the greater attraction of the §-hydroxy] for the para- 
position thereto, and thus in the change from (b) to (c) the 3: 4- 
dihydroxy-compound results. In support of this is the fact that 
2-hydroxyanthraquinone when reduced gives 3-hydroxyanthrone 
(V), and therefore there is reason to presume that in these cases the 
8-hydroxyl is the determining factor, or that, in other words, a 
para-quinonoid structure is preferred even when «- and @-hydroxy!s 
are simultaneously present. It was interesting, therefore, to study 
the behaviour of alizarin 2-methyl ether * in these circumstances, 
for owing to the etherification of the 2-hydroxy] group this compound 
more closely resembles in general properties 1-hydroxyanthraquinone 
than alizarin itself and it was to be anticipated that 1-hydroxy-2- 
methoxyanthrone (IV) would result. With stannous chloride and 
hydrochloric acid as reducing agent, this is the case, although in 


* According to Graebe and Thode (Annalen, 1906, 349, 207), alizarin 
dimethyl ether reduced with zinc dust and ammonia gives 3 : 4-dimethoxy- 
anthrone, together with a second compound, probably 1 : 2-dimethoxy- 
anthracene. 4“ 
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addition to this compound, which is the main product, a small 
amount of 4-hydroxy-3-methoxyanthrone (deoxyalizarin mono- 
methy] ether ; III) is produced, accompanied by much viscid matter. 
In order to determine the constitution of these compounds, recourse 
was had to the benzanthrone reaction, followed by a study of the 
behaviour of each product when methylated, by means of methyl 
iodide and alkali. From the pale yellow anthrone (III) in this 
manner, benzalizarin methyl ether (VI) was obtained, and in proof 
of this an identical compound was prepared from benzalizarin 
itself (J., 1920, 117, 702). 


yf 
OH | | | 
(VI.) Meo’ \” Pe seait (VIL) 
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CO OH 

On the other hand, the orange-coloured anthrone (IV) gave, 
although in small amount, a compound to which formula (VII) has 
been assigned, demethylation having occurred during the reaction ; 
it has not been ascertained, however, whether the hydroxyls occupy 
the 3:4- or 5:6-positions. Whereas it was previously shown 
(loc. cit.) that both hydroxyls of benzalizarin are readily methylated 
with methyl iodide and alkali, with the compound (VII), for which 
the name isobenzalizarin is suggested, this is not the case, as under 
drastic treatment with these reagents only a monomethy] ether is 
produced. Evidently, therefore, a hydroxy] is here present adjacent 
to the carbonyl group, and this view is supported by the fact that, 
whereas monoacetylisobenzalizarin is readily obtained, the diacetyl 
compound can be prepared therefrom only by prolonged digestion 
with boiling acetic anhydride and pyridine. 

Benzalizarin and isobenzalizarin differ widely in their dyeing 
properties with mordants, for whereas the former gives shades 
analogous to those of alizarin itself (loc. cit.), the latter dyes yellow 
and is scarcely a strong colouring matter. This is of interest, 
because it is generally assumed that the tinctorial properties of the 
hydroxyanthraquinone dyestuffs, as, e.g., alizarin, are due at least 
in part to an ortho-quinonoid or some similar arrangement in which 
the 1-hydroxy- and the adjacent carbonyl group are involved. In 
such a sense, however, benzalizarin must be regarded as a para- 
quinonoid, and isobenzalizarin as an ortho-quinonoid dyestuff, and 
this suggests that the dyeing properties of alizarin,* which resemble 
those of benzalizarin but differ markedly from those of isobenzalizarin, 


* A para-quinonoid structure was suggested by one of us for the mono- 
alkali salts of the hydroxyanthraquinones (J., 1899, 75, 433). 
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may be due to the presence of a para-quinonoid rather than to an 
ortho-quinonoid grouping. 

If a survey be made of the phenolic mordant dyestufis, and more 
especially of those in which adjacent hydroxyl groups are present, 
it will be observed that for most of them a para-quinonoid arrange- 
ment only is possible; of the very numerous instances which can 
be given, fisetin (VIII) and the dihydroxybenzylidenecoumaranone 
(IX; Friedlander and Rudt, Ber., 1896, 29, 878), both powerful 
dyestuffs, may be cited. 


O OH O OH 


HO’ \“ \G-C,H,(0H), HO” YY \o:cHPh HO/ YO oH 


VK 401 ‘OH (3:4) \ 7—60 ome 
(vi1r.) CO (IX.) vi 
On the other hand, whereas other colouring matters of this 
adjective class, as, for instance, gallacetophenone (X) and the 
hydroxyanthraquinones, may be considered to dye by virtue of 
either an ortho- or para-quinonoid grouping, there is, with the 
exception of such feeble dyes as euxanthone, which do not contain 
adjacent hydroxyls, an almost complete lack of colouring matters 
to which an ortho-quinonoid grouping only can be applied. 
Experiments are in progress with the hope of obtaining, in addition 


to isobenzalizarin, dyes which come under the latter category. 

A preliminary study of the behaviour of anthrapurpurin 2 : 7-di- 
methyl ether on reduction has at present resulted in the isolation, in 
small yield, of but one anthrone, which is probably the 4-hydroxy- 
3: 6-dimethoxy-compound. Much viscid matter is simultaneously 
produced. 


EXPERIMENTAL. 


Alizarin 2-Methyl Ether—To a boiling solution of commercial 
alizarin paste (150 g.) in 10% sodium hydroxide solution (525 c.c.), 
methyl sulphate (110 c.c.) was gradually added, and the mixture 
was repeatedly treated with sodium hydroxide solution (50 c.c.) 
and the equivalent quantity of methyl sulphate.* The product 
was collected, stirred with sodium carbonate solution to remove 
alizarin, the crude methyl! ether (30 g.) dissolved in benzene and 
precipitated therefrom as potassium salt by alcoholic potassium 
hydroxide; some alizarin dimethy] ether remained in solution. The 
potassium salt was decomposed with acid, and the alizarin 2-methy] 
ether thus obtained was recrystallised from benzene until the melting 
point, 229-230°, was constant (Found: C, 70-8; H, 4:05%). In 
addition to the alizarin dimethy! ether, m. p. 214-215°, a second 


* A modification of the method of Graebe and Thode (loc. cit.). In all, 
875 c.c. of caustic soda solution and 195 c.c. of methyl sulphate were employed. 
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dimethyl ether of identical appearance but melting at 169-171° 
could be isolated from the final mother-liquor if the crude alizarin 
2-methyl ether was crystallised from benzene. This was evidently 
a methylalizarin dimethyl ether derived from 2-methylalizarin 
present in the dyestuff employed, in that it could not be produced 
by the further methylation either of alizarin 2-methyl ether or of 
alizarin dimethyl ether with methyl sulphate and alkali. 

Reduction. A mixture of alizarin 2-methy]l ether (10 g.), stannous 
chloride (100 g.), and 33% hydrochloric acid (500 c.c.) was boiled 
for 1} hours. The crystals, without apparent solution, were con- 
verted into a brown tar which, on cooling, solidified to a hard, 
brittle mass, some yellow crystals simultaneously separating from 
the acid liquid. The ground product was dissolved in about 100 c.c. 
of alcohol, and the crystals which separated on cooling were collected 
(yield 6 g.). The dark-coloured mother-liquor on evaporation 
yielded an orange-brown resin, from which nothing definite could be 
isolated. The crystals when extracted with a little boiling benzene 
gave a pale yellow residue (A) in small amount, whereas from the 
extract orange-red needles (B) separated on cooling. 

(A), crystallised from much benzene with the aid of animal 
charcoal, gave pale yellow needles, which were recrystallised from 
alcohol (Found: C, 75-1; H, 5-1; CH, 6-1. C,;H,.0, requires 
C, 75:0; H, 5-0; CH, 625%). 4-Hydroxy-3-methoxyanthrone, 
m. p. 202°, yields an acetyl compound, which crystallises in lemon- 
yellow needles, m. p. 185—186°, and is oxidised by chromic acid in 
acetic acid solution to acetylalizarin 2-methyl ether. 

(B) crystallised from alcohol, in which it was less soluble than A, 
in orange-red needles, m. p. 135—137° (Found: C, 74:9; H, 5-0; 
CH;, 6-2. C,;H,,.0, requires C, 75:0; H, 5:0; CH, 6-25%). 
1-Hydroxy-2-methoxyanthrone is thus obtained in much larger 
amount than its isomeride. Like this, on oxidation it yields alizarin 
2-methyl ether. The diacetyl derivative crystallises from alcohol— 
acetic acid in yellow plates, m. p. 202° (Found: C, 70-3; H, 4-9; 
C,H,0,, 36-7. C,,H,,0,; requires C, 70-4; H, 4:9; C,H,0,, 37-0%). 

Benzalizarin Monomethyl Ether—A mixture of 4-hydroxy-3- 
methoxyanthrone (4 g.), sulphuric acid (47 c.c.), water (23 c.c.), 
and glycerol (8 g.) was gradually heated at 125—130°, being well 
stirred, and kept for 1 hour. The solution when cold was 
poured into water, the green precipitate collected, washed, dried, 
and in the ground condition repeatedly treated with boiling alcohol. 
The extract was concentrated, poured into much ether, the solution 
filtered, washed with water, evaporated to dryness, and the pale 
brown, friable residue (1-4 g.) titurated with ether to remove resinous 
matter. By acetylation, crystals were obtained which, after re- 
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crystallisation from alcohol-acetic acid, gave 0-4 g. of pale yellow 
needles, m. p. 205—207° (Found: C, 75:3; H, 4:15; CH,, 4-85. 
Co9H 1,0, requires C, 75-4; H, 4:4; CH,, 4-7%). 

This compound, which is acetylbenzalizarin methyl ether, when 
hydrolysed with hydrochloric acid in presence of acetic acid gave 
86-13% of benzalizarin monomethyl ether, whereas theory requires 
86-8%. The latter is thus obtained as long, orange needles, m. p. 
247—249°, sparingly soluble in caustic soda solution and in alcohol, 
soluble in sulphuric acid with a violet-red coloration (Found : 
C, 78-0; H, 4:55. C©,,H,,0, requires C, 78:3; H, 43%). 

Sulphuric acid, in presence of acetic acid, gives the oxonium 
sulphate, as long, hair-like, maroon-coloured needles. 

The product from the Zeisel determination of the acetyl compound 
was poured into bisulphite solution. The crystals produced had 
all the properties of benzalizarin and yielded an acetyl compound, 
the melting point of which, 202—204°, was slightly higher than 
that previously given (loc. cit.). 

Benzalizarin monomethyl] ether was also obtained by the partial 
methylation of benzalizarin itself: Acetylbenzalizarin (0-95 g.) in 
boiling methyl alcohol (20 c.c.) and methyl iodide (8 c.c.) was 
gradually treated with caustic potash (0-35 g.) in methyl alcohol. 
The crystalline substance produced (0-64 g.), m. p. 247—249° after 
recrystallisation, was identical with the benzalizarin methyl ether 
described above. A small amount of benzalizarin dimethyl ether 
was present in the original mother-liquor. 

isoBenzalizarin—A mixture of 1-hydroxy-2-methoxyanthrone 
(substance B) (4 g.), sulphuric acid (47 c.c.), water (2°5 c.c.), and 
glycerol was heated at 120—130°forl hour. The solution was poured 
into water, the precipitate collected, dried, and the colouring 
matter present isolated by means of the alcohol and ether treatment 
described under benzalizarin methyl ether. The orange-red powder 
thus obtained (1-4 g.) was washed with acetone to remove resin, 
and after recrystallisation from the same solvent gave 0-6 g. of 
orange-yellow needles. These by treatment with boiling acetic 
anhydride and pyridine for a few seconds gave a crystalline deposit 
of the acetyl compound, which crystallised from much acetone in 
bright orange-yellow, flat needles (0-3 g.) ; * m. p. 243—245° (Found : 
C, 74-85; H, 4-35. C,9H,,0, requires C, 75-0; H, 3-9%). 

This compound, monoacetylisobenzalizarin, is very sparingly 
soluble in acetone or alcohol. It contains no methoxy-group and 


* This small yield of isobenzalizarin was evidently due to the 1-hydroxy- 
2-methoxyanthrone suffering alteration on heating with sulphuric acid. An 
amorphous product was thus produced which was soluble in caustic soda 
with a reddish-brown tint, and in cold acetone with a red colour. 
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when hydrolysed gives 86-6°% of isobenzalizarin, theory requiring 
86-2%. This crystallised from nitrobenzene in orange needles, 
m. p. 260—262° (Found: C, 77:8; H, 3-9. C,,H,,0, requires 
C, 779; H, 3-8%). 

isoBenzalizarin gives with sulphuric acid a green, fluorescent, 
orange-red liquid and with boiling dilute alkalis, orange-yellow 
solutions with which baryta water yields orange-red precipitates. 
By digesting the monoacetyl derivative with boiling alcoholic 
potassium acetate, orange needles of a potassium salt are deposited. 
It is unaltered by long boiling with hydriodic acid. isoBenzalizarin 
is somewhat resistant to full acetylation, but by a long digestion 
with acetic anhydride and pyridine a diacetyl derivative is obtained 
which crystallises from acetic anhydride in yellow needles, m. p. 
214° (Found : C, 73-3; H,4-0. C,,H,,0, requires C, 72-8; H, 40%). 

isoBenzalizarin Monomethyl Ether—A mixture of isobenzalizarin 
(0-3 g.), methyl alcohol (20 c.c.), and methyl iodide (8 c.c.) was boiled 
during 8 hours, caustic potash (0-2 g.) * in methyl alcohol being 
gradually added. The crystals produced were washed with hot 
dilute hydrochloric acid to decompose a potassium salt present and 
crystallised from much alcohol, giving deep yellow needles (0-186 g.), 
m. p. 196—198° (Found: C, 78-2; H, 4:15; CH,, 5:17. C,gH,,0, 
requires C, 78-3; H, 4:3; CHg, 5-4%). 

The mother-liquor contained a small amount of the same com- 
pound, but the presence of a more highly methylated product could 
not be detected. 

By prolonged digestion with acetic anhydride and pyridine the 
trace of isobenzalizarin methyl ether available gave an acetyl 
compound which crystallised in yellow needles, m. p. about 178— 
180°. 

isoBenzalizarin dyes mordanted woollen cloth shades which are 
very distinct from those given by benzalizarin. 


Chromium. Aluminium. Tin. Tron. 
isoBenzalizarin. Brownish- Greenish- Pale Brown. 
yellow. yellow. yellow. 
Benzalizarin. Brownish- Dull reddish- Bright Brownish- 
maroon. orange. orange. black. 


Anthrapurpurin Dimethyl Ether—Triacetylanthrapurpurin (5 g.) 
was methylated as in the preparation of alizarin 2-methyl ether 
(vide supra), 37 c.c. of methyl sulphate and 185 c.c. of caustic soda 
solution being used in all. After removal of the anthrapurpurin 
trimethyl ether present, and crystallisation from benzene, the 
dimethyl ether was obtained in orange-red needles, m. p. 234—235° 


* Approximately 2} times the quantity required for the production of a 
dimethy! ether. 
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(Found: C, 67-9; H, 4:2; CH,, 10-4. C,,H,,0; requires C, 67-6; 
H, 4:2; CH, 10-6%). 

The acetyl compound forms yellow needles, m. p. 204—205°. 

Anthrapurpurinanthranol Dimethyl Ether —A mixture of anthra- 
purpurin dimethyl ether (5 g.), stannous chloride (50 g.), and 30% 
hydrochloric acid (250 c.c.), boiled for 1} hours, yielded a black, 
granular mass, which was collected, washed with dilute hydrochloric 
acid, and dried. The product dissolved in alcohol was poured into 
ether, the precipitated amorphous impurity removed, the clear 
liquid evaporated, and the sandy residue washed with acetone until 
colourless. This on digestion with acetic anhydride and pyridine 
yielded diacetylanthrapurpurinanthranol dimethyl ether, which 
crystallised from alcohol-acetic acid in colourless needles, m. p. 
178° (Found: C, 69-6; H, 5-0. C.9H,,0, requires C, 67:8; H, 
51%). 


The authors are much indebted to the British Alizarine Co. Ltd. 
for the alizarin and anthrapurpurin used in this investigation. 


THE University, LEEDS. ’ [Received, August 15th, 1925.] 


CCCLXVIII.—Studies with the Microbalance. Part II. 
The Photochemical Decomposition of Silver Chloride. 


By Ernest JOHANNES HarTUNG. 


THE investigation of the action of light on silver chloride by gravi- 
metric methods has not hitherto given very definite results. It is 
well known that the halide loses chlorine and diminishes in weight 
when insolated, but the changes are usually insignificant and afford 
little evidence as to the nature of the products of the action. Baker 
(J., 1892, 61, 728) tried to analyse the dark photochloride produced 
when 51 g. of silver chloride were insolated with repeated shaking, 
but only 14 mg. of chlorine were evolved after considerable exposure 
to light. Richardson (J., 1891, 59, 536) found 8% of the total 
halogen to be freed when 26 g. of silver chloride under water were 
insolated, but Koch and Schrader (Z. Physik, 1921, 6, 127), using 
extremely small amounts of the dry substance, could not detect 
greater changes in weight than 1 or 2%. A preliminary test carried 
out by the author with the microbalance (J., 1922, 121, 688) showed 
that a very thin film of the halide weighing 0-0880 mg. lost 81% of 
its total chlorine when insolated for 12 daysina vacuum. This line 
of attack was therefore promising, and the results of an extended 
investigation are now given. The Steele-Grant microbalance 
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employed carried a load of 105 mg. and was sensitive to 2 x 10% 
mg.; it was used in ideal conditions in a roomy cellar and had been 
thoroughly tested for 2 years. The weighings with this instrument 
are recorded to the nearest 10 mg. and they are thoroughly trust- 
worthy to this degree of precision, for small discrepancies, in every 
case where they were noted, could be traced to the inevitable errors 
of manipulation and were never due to inaccuracy of the balance. 
The general plan of the work was similar to that used for the case 
of silver bromide (J., 1924, 125, 2198); very thin films of the chloride 
on vitreous silica sheets were sealed up in glass vessels containing 
suitable chlorine absorbents and insolated for definite periods. 
The films were then weighed again and finally tested in various ways. 
Some experiments have also been made on the rate of chlorination 
of thin films of silver, and of the product of insolation of silver 
chloride. : 

Preparation of Films of Pure Silver Chloride—Films of pure silver 
on vitreous silica were made by chemical deposition and subsequent 
ignition at 400° as already described (loc. cit.). These films were 
then chlorinated by exposure to dilute chlorine, which was made in 
the usual way from manganese dioxide and hydrochloric acid, 
followed by washing with water and drying with concentrated 
sulphuric acid. The rate of chlorination was comparatively slow 
unless the gas was dilute and the weight of the resulting silver 
chloride usually agreed closely with that calculated from the weight 
of silver taken. The maximum divergence was 1 part in 240 parts 
and the average was 1 part in 1400 parts. These results are dis- 
tinctly less consistent than those obtained previously with silver 
bromide, where the maximum divergence was 1 part in 1000 parts 
and the average, 1 part in 2400 parts. Indeed, the whole process of 
chlorination of silver exhibited peculiarities which have not been 
observed in bromination. For example, a certain optimum concen- 
tration of chlorine in mixtures with air was found, at which addition 
of the halogen to silver occurred most easily, and the speed of chlorina- 
tion rapidly diminished as the chlorine concentration became greater 
than this optimum. Also, chlorine which was made from bleaching 
powder and dilute sulphuric acid gave chlorinated films in which the 
added halogen was from 3 to 4% in excess of that required to form 
silver chloride. The excess could be removed by cautious heating 
at 200° and could be prevented by igniting the chlorine before use, 
This pointed to some oxygen compound as the cause, which supposi- 
tion was strengthened by finding that mixtures of chlorine and moist 
air which had stood for some days had a tendency to give slightly 
high results in chlorinating silver, and that intermittent chlorination 
of silver films gave high results also. These effects were not noticed 
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in the bromination of silver; in any case, the discrepancies are small, 
but their reality was established by repeated tests. 

Photochemical Decomposition of Silver Chloride—The glass 
apparatus in which the films were sealed up and insolated was 
essentially similar to that used for silver bromide, and has already 
been described. The technique adopted was similar also, but great 
care was required to prevent contamination of the film by flame 
gases during the sealing, for silver chloride seemed to be more 
sensitive in this respect than the bromide. With proper precautions, 
however, the operation could be performed without appreciable 
change in weight of the film. Before exhaustion, the glass vessel 
was filled with air, nitrogen or hydrogen which had been carefully 
purified, dried and filtered before admission. The final pressure in 
the apparatus was usually either 10 mm. or 0-001 mm., but, as 
heating of the glass during exhaustion was inadmissible, the latter 
pressure especially was not maintained over the whole period of 
insolation, owing to the liberation of adsorbed gas from the glass. 
For this reason, the term “ residual ’’ is used in Table I to describe 
the conditions when the pressure of the experimental gas in the 
apparatus was 0-001 mm. at the time of sealing off from the pump. 
Copper was used as chlorine absorbent, but if insolation were per- 
formed with hydrogen present in other than residual amount, solid 
sodium hydroxide was substituted. Insolation was performed on 
the roof of the laboratory and, as the colour, opacity, and reflecting 
power of the films varied steadily, no estimate of the amount of 
radiant energy absorbed was possible. Nevertheless, the times of 
exposure in days afford an approximate measure of the relative 
amounts of energy received in each case. The pearly white films 
always darkened rapidly to dull purple or slate, which passed slowly 
to purple-brown; after several days, this had faded to very pale 
greyish-yellow and no further change was visible. Meanwhile, the 
copper in the side tube, which was shielded by an opaque cover, 
became heavily tarnished at the nearer end and subsequent analysis 
showed always the presence of chlorine on it. After a definite period 
of exposure, filtered air, nitrogen, or hydrogen was slowly admitted, 
and the film removed and weighed. The subsequent treatment 
varied; some of the exposed films were rechlorinated either in one 
or in several progressive operations, whilst others were used in 
attempts to discover the nature of the products of the photochemical 
decomposition. 

A summary of the experimental results is shown in Table I, 
weights being given in milligrams. 

Comparison of the results in the presence of air, nitrogen, and 
hydrogen discloses a striking resemblance between them, and it is 
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TABLE I. 


silver. 


Gas in 
apparatus. 
———— ’ 
Cu Air, residual 


Wt. of ignited 
Wt. of silver 
chloride 
Percentage of 
total chlorine lost. 


Wt. of exposed 
Wt. after 
rechlorination 
Chlorine absorbent. 


0-2899 0-3362 
04468 .— 
0-2472 0-3146* 
0:2449 0-3250* 
0-3432 — . 
0-2862 0-3706* i ” ” 
0-4632 0-5486 ° » 760mm. 
0-1863 — ‘ N,, residual 
0-1406 0-1829 “ ” ” 
0-2219 — * >» 10mm. 
0-2828 os . / H,, residual 
0-1852 —— 2” ”? ” 
0-2375 — NaOH ,, 10mm, 
0-2172 0-2820* 2 ” 9 ” 
0-2466 — 78-9 0 » 9» 760mm. 
0-2181 0-1669 0-2185 94-8 111 pe ” 


* Chlorination in steps. 


cr Days of exposure. 


2 
he 
i 
@ 
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evident that oxygen is not necessary for the photochemical decom- 
position of silver chloride. The experiments with air in the apparatus 
exhibit plainly the diminution in the speed of decomposition as the 
gas pressure rises, due to the adverse effect of adsorbed gas films. 
For nitrogen, the data are insufficient to warrant conclusions being 
drawn, and for hydrogen, the gas pressure appears to exert little 
influence on the change. This behaviour is not surprising, for 
hydrogen acts as a sensitiser in virtue of its power of combining 
with chlorine under the influence of light. As in the case of the 
bromide, the figures indicate that the products of the photochemical 
decomposition of silver chloride are silver and halogen, although the 
final few units °%% of the latter are held tenaciously in the film. 
There is no evidence of the formation of any sub-chloride. 

On rechlorinating the product of insolation, colour changes were 
observed similar to those seen on insolation, but in the reverse 
order. Eventually, the films regained their original pearly white- 
ness and were then usually rather heavier than in the former un- 
exposed condition. This behaviour was always most marked when 
the chlorination had taken place in steps, with interruptions for the 
purpose of weighing, and it is believed to be due to slight oxidation 
during the addition of the halogen but not at other times. _ It was 
also observed to some extent when pure silver was chlorinated pro- 


THE PHOTOCHEMICAL DECOMPOSITION OF SILVER CHLORIDE. 2695 


gressively. Hence it is probable that the figures given in Table I 
for the percentage of chlorine lost on insolation are not appreciably 
affected by oxidation due to exposure to air before weighing. 
Chemical analysis of the insolated material would be decisive but, 
with less than 0-5 mg. available in each case, no accurate procedure 
has yet been devised. Two simple methods were tried and neither 
proved to be quite satisfactory. In the first method, the film was 
treated with aqueous sodium thiosulphate to dissolve any unchanged 
silver chloride, but in spite of the greatest care insoluble particles 
became detached when the solution touched the film and a quanti- 
tative estimation was impossible. Much of the residue remained 
adherent to the silica, however, and chlorination tests proved it to 
be practically pure silver. In the second method, the insolated film 
was exposed to the vapour of purified iodine at room temperature 
(partial pressure 0-3 mm.) in the hope that the free silver presumably 
present would be attacked by the iodine to form silver iodide, the 
amount of which could be measured by the increase in weight. In 
principle, this is obviously a more rigorous means of testing the 
nature of the insolated film than by chlorinating it. Unfortunately, 
however, silver chloride itself was shown to be attacked by iodine 
vapour, although the complete conversion into silver iodide of even 
very thin films of the chloride took several days. When insolated 


silver chloride was exposed to the iodine vapour, the film rapidly 
darkened and then steadily changed to the pale yellow colour of 
silver iodide in about 15 minutes. The first stage of the action was 
now taken to be complete and the film was weighed. Table II 
summarises the results, weights being given in milligrams. 


TABLE II. 


Wt. of original Wt.ofinsolated Wt. after Wt. calculated for 
film. film. iodination. mixed AgI and AgCl. 


0-2326 0-1863 0-3646 0-3520 
0-2417 0-1852 0-3898 0-3874 
0-2809 0-2219 0-4338 0-4331 
0-2937 0-2375 0-4459 0-4386 


The weight of the iodinated film in each case is greater than that 
calculated on the assumption that the insolated material is a 
mixture of silver and unchanged silver chloride, of which only the 
former is attacked by the iodine. In two instances, the discrepancy 
is less than 1%, and, on the whole, the results are favourable to the 
hypothesis mentioned, for further iodination caused steady increase 
in weight in each case until, after some days, all the chlorine had 
been displaced by iodine. The method is therefore not thoroughly 
sound, for the initial stages in the displacement of the chlorine 
proceed appreciably in a very few minutes and may, of course, be 
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more rapid with previously insolated films than with pure silver 
chloride. 

Rate of Chlorination of Silver Films.—Further evidence as to the 
nature of insolated silver chloride was obtained by comparing the 
rates of addition of chlorine to pure silver and to the insolated films 
under the same conditions. The apparatus and methods of ex- 
periment were essentially analogous to those used in the bromination 
of silver (J., 1924, 125, 2204), and have already been described. The 
tests were carried out in a thermostat at 25° (regulated to 0-1°) with 
mixtures of chlorine and air in various proportions in the chlorinat- 
ing vessel. The concentration of the halogen was estimated by 
absorption in sodium hydroxide and titration in the usual way with 
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sodium thiosulphate. In every case, the total area of the film was 
364 sq. mm. and the average thickness 0-00015 mm. 

These results are shown graphically in Fig. 1, where the chlorine 
absorbed by the film, as percentage of that necessary to form pure 
silver chloride in each case, is plotted against total time of chlorina- 
tion in minutes. The broken lines indicate rechlorination of previ- 
ously insolated silver chloride films and the numbers denote chlorine 
concentrations in the gas phase in mg.—atoms per litre. The curves 
are continuous and show no irregularities which might point to the 
transient formation of sub-chloridesin the film. Also the remarkable 
fact is disclosed that the speed of chlorination of pure silver rapidly 
diminishes as the concentration of the halogen in the surrounding 
medium increases. This effect was not noticed in the bromination 
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of silver (loc. cit.), but much smaller halogen concentrations were then 
employed, owing to the very rapid attack of the silver films by 
bromine vapour. It is evident that an optimum concentration must 
exist at which chlorine attacks silver most readily. The precise 
value of this concentration has not been measured, and it is hoped to 
investigate the whole action thoroughly in the near future. For 
the present purpose, it was sufficient to show that isolated silver 
chloride films exhibited the same behaviour as silver itself when 
exposed to chlorine. That this is so will be evident from an in- 
spection of the broken curves in Fig. 1; the existence of the optimum 
in this case also has been established by repeated tests, and furnishes 
strong evidence that silver is present in the insolated material. It 
cannot be there in the same form as ordinary metallic silver, 
however, for the optimum chlorine concentration for the product of 
insolation is much greater than that for the metal itself, whilst the 
whole rate of chlorination is comparatively very much slower for 
small concentrations of the halogen. In this respect, chlorine stands 
in marked contrast to bromine and iodine, both of which, even in 
small concentration, attack the product of insolation of silver 
chloride very rapidly. 

The work described in this paper does not contradict the conclusions 
of Baker (J., 1892, 61, 728) that perfectly dry silver chloride is 
unaffected by light and that perfectly dry chlorine will not attack 
silver. Owing to the danger of injuring the photosensitive films, 
it was not possible to bake out the glass exposing vessels, and the 
presence of phosphorus pentoxide has been found to be most objec- 
tionable because of the fine dust which arises from it with changes of 
pressure. Also, in the chlorination experiments, the halogen was 
“ dried ’ with concentrated sulphuric acid only and little alteration 
in the results was noted when moist chlorine was substituted for it. 


Summary. 


1. The photochemical decomposition of silver chloride in air, 
nitrogen and hydrogen has been investigated by means of the 
microbalance. 

2. The maximum percentage loss of the total chlorine in thin 
films of silver chloride when insolated was found to be: in air 
91-1%, in nitrogen 89-9%, and in hydrogen 94:8%. 

3. Evidence is adduced to prove that the photochemical decom- 
position products of silver chloride are silver and chlorine, and that 
oxygen is not necessary for the action. 

4. The rates of chlorination of silver and of previously insolated 
silver chloride have been studied and it has been shown that optimum 
concentrations of the halogen exist in each case, at which the 
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chlorination is most rapid and above which the speed of reaction 
rapidly diminishes with increasing chlorine concentration. 

5. No evidence of the formation of silver sub-chlorides has been 
found. 


UNIVERSITY OF MELBOURNE. [Received, June 24th, 1925.] 


CCCLXIX.—Absorption Spectra and Lactam—Lactim 
T'automerism. 


By Ricnarp ALAN Morton and Epwarp RoGErs. 


Ir was assumed by the earlier workers in absorption spectra that 
compounds of similar constitution would show similar absorption 


Fie. 1. Fic. 2. 
2400 2800 . 3200 3600A 2400 2600 2800 3000A 


Pe aT 
oes eree bechoer 


| \ ! H i 
—— Carbostyril. —-—-— N-Ether. — o-Hydroxycarbanil. 
++++ O-Hther. —-— N-Hther. 


curves. Accordingly, in order to decide between alternative 
structures of a substance it was only necessary to compare its 
absorption spectrum with those of two derivatives of known 
constitution; if the general shape of its absorption curve was 
similar to that of a derivative, the two substances had analogous 
structures. In the hands of Hartley and Dobbie (J., 1899, 75, 640) 
this method of interpreting absorption spectra led to conclusions 
in the case of lactam-lactim isomerides which are very generally 
quoted as establishing the value of absorption spectra in organic 
chemistry. These workers examined isatin, carbostyril, and 
o-hydroxycarbanil together with their O- and N-ethers; in each 
case the absorption spectrum of the parent substance resembled that 
of the lactam ether. 
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An examination of the published curves shows that the frequencies 
of maximum absorption are nearly the same for lactam and lactim 
isomerides in all three cases. It is agreed by all present-day workers 
in the field of absorption spectra that the wave-lengths of maximum 
absorption are of great importance in the interpretation of data. 
Certain authorities, notably Baly and Henri, attach fundamental 
importance to these frequencies as a basis for the interpretation of 
absorption spectra in terms of the quantum theory. 

Accordingly, the fact that the shape of curves is not regarded as 
a trustworthy guide to interpretation, coupled with the decided 
advantages enjoyed by present-day workers over the pioneers in 
respect of technique, made it seem worth while to repeat the work 
of Hartley and Dobbie. 

Isatin was found by Hartley and Dobbie to show two bands. 
Hicks (this vol., p. 774) found four bands. At the time when Hicks’ 
paper appeared the present work had been completed and only three 
bands had been found. Subsequent search has not disclosed the 
fourth band. The three bands are at 4130A., e (max.) 625; 2950A., 
e (max.) 3,900; 2430A., e (max.) 26,000 (for graph, see Hicks, 
loc. cit., p. 771). 

W-Methylisatin (N-ether), like the parent substance, shows three 
bands at 2465A., 3000A., and 4195A. The curve follows that of 
isatin very closely. 

Methylisatin (O-ether), examined as soon as possible after 
preparation in the pure state, shows three bands at 2447A., 2965A., 
4140A. The curve again follows closely that of isatin. 

5-Iodoisatin exists in two forms, red and yellow. The red form 
in alcohol shows two bands, 2500 and 4250A., with an inflexion 
near 3030A., the extinctions being 25,000, 510, and 2000 (ca.), 
respectively. In glacial acetic acid, the band at 4245A. was 
observed for the red form and an inflexion near 3000A., but on 
account of absorption by the acetic acid the band at 2500A. could 
not be observed. In a fresh solution of the yellow form there is 
little selective absorption, but after some time the bands due to the 
red form appear. Hicks records another band for iodoisatin in the 
extreme ultra-violet. In neither isatin nor iodoisatin can we 
confirm the fourth band. 

A revision of the work of Hartley and Dobbie proves disappointing, 
for the curves are so much alike as to preclude the possibility of 
deciding questions of structure from them. The absorption spectra 
of the isomerides are nearly identical. 

Carbostyril shows two bands at 2690A. and 3270A., e (max.) 
7000 and 6750, respectively. The N-methyl ether has bands at 
2705A, and 3280A., ¢ (max.) 6600 and 6000, respectively. The 
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curves are almost identical, in agreement with the work of Hartley 
and Dobbie. 

The O-methyl and O-ethyl ethers are almost identical as regards 
absorption, but are quite different from either the N-ether or the 
parent substance: O-Methyl ether: 3222 and 3085A., e (max.) at 
4500 and 3700, respectively; O-ethyl ether: 3226 and 3085A., 
e (max.) at 4500 and 3700, respectively. 

Both O-ethers show a pronounced inflexion near 2650A. The 
analogous band in the parent substance and the N-ether has thus 

almost disappeared. The 

pa penstlng ogon -TeSults confirm the conclu- 

sions of Hartley and Dobbie, 

a but the experimental basis 

v is different, since the curve 

t—* for the O-ether is different 

from that of these authors. 

o-Hydroxycarbanil shows 

one band with its head at 
2736A., e (max.) 5150. 

The N-ether shows one 
band at 2738A., e (max.) 
5600, and the O-ether one 
at 2735A., e (max.) 4700. 

The curves are not very 
different from those of 
Hartley and Dobbie. The 
A\ only difference observed 
\ between these substances 
i was in respect of the persist- 
4 

\ 


ence of the bands. 
100 Revision of the work 
Phloroglucinol. -—-- Trimethyl ether. leads to the conclusion that 
the curves do not warrant 
any claim to discriminate between the alternative structures for 
o-hydroxycarbanil. 
Phloroglucinol also has been examined, together with its trimethyl 
ether. 
Phloroglucinol shows the following results : 


Solvent. A max. e max. Solvent. A max. e max. 


Alcohol 2665A 380 Aqueous acetic acid 2660A 375 
2662 370 Alcohol with sodium 

Glacial acetic acid 2660 375 ethoxide 15,200 

3472}" 6,600 
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Phloroglucinol trimethyl ether shows one band at 2646A., e (max.) 


465. 
The results are therefore in harmony with the accepted hydroxy- 


structure of phloroglucinol. 


Conclusions. 


In the cases of isatin and o-hydroxycarbanil the work of Hartley 
and Dobbie is unsatisfactory. Revision shows that absorption 
spectra do not provide any very obvious means of deciding the 
structure. 

In the cases of phloroglucinol and carbostyril repetition of the 
work does not controvert the conclusions of these authors. 

It may be asserted that, in general, conclusions based on the 
shape of absorption curves need careful examination before reliance 
can be placed on them. 

Absorption spectra measurements should be interpreted by 
quantitative considerations concerning frequencies of maximum 
absorption. The present work will be discussed from this point 
of view at a later date. 


We wish to express our gratitude to Professor E. C. C. Baly, F.R.S., 
for the interest he has taken in the work. One of us (E. R.) is 
indebted to the Department of Scientific and Industrial Research 
for a maintenance grant. 


THE UNIVERSITY, LIVERPOOL. [Received, July 9th, 1925.] 


CCCLXX.—Trypanocidal Action and Chemical Con- 
stitution. Part III. Arsinic Acids Containing 
the Glyoxaline Nucleus. 


By Istpore ELKANAH BALABAN and Haroxup Kina. 


In Part I of this series (J., 1924, 125, 2595) it was shown that the 
three isomeric monoaminobenzoyl derivatives of 4-aminophenyl- 
arsinic acid showed some trypanocidal activity when tested on 
experimental trypanosomiasis in mice, but were not permanently 
curative. In Part II (this vol., p. 2632), it was shown that per- 
manent eurative properties appeared when a methoxy-group was 
present in the para-position in the benzoyl group in the mono- 
aminoarsinic acids, or when there were two amino-groups present, 
one in each nucleus. It was therefore thought of interest to prepare 
glyovaline-4'(or 5’)-carboxy-p-aminophenylarsinic acid (I) and its 
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3-amino-derivative (II), both of which would resemble in build and 
amphoteric character the amides mentioned above. It was hoped 


NH, 


NH-CO-C==CH 


AsOsH,< NH-CO-(==0H AsO,HX > 
H on N NH 


“7 N N 
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that the presence of the glyoxaline nucleus would lead to a more 
favourable—as regards the trypanocidal action—distribution of the 
amides in the tissues, especially as the glyoxaline nucleus is con- 
tained in or associated with certain substances of remarkable 
physiological activity such as histamine, insulin, and the pituitary 
active principles. Both these arsinic acids have been prepared, 
the first by application of the Bart-Schmidt reaction to glyoxaline- 
4(or 5)-carboxy-p-aminoanilide and the second by nitration and 
subsequent reduction of the parent arsinic acid. 

The maximum dose tolerated by mice and the minimum curative 
dose on an experimental infection of Trypanosoma equiperdum in 
mice, expressed in milligrams per gram of mouse, of these two 
glyoxaline arsinic acids as compared with 3’-aminobenzoyl- and 
3 : 3'-diamingbenzoyl-p-aminophenylarsinic acids is shown below, 

3’-NH,. 3: 3’-diNH,. 


Dosis tolerata . . 0-6 >3°5 
Dosis curativa . : 0-3 2-0 


(r = 7) 


r signifying the number of days the blood stream remains free 
from parasites. It will be observed that glyoxaline-4’(or 5’)- 
carboxy-p-aminophenylarsinic acid (I), unlike 3’-aminobenzoyl-p- 
aminophenylarsinic acid, has permanent curative properties and 
the enhanced curative properties of 3 : 3’-diaminobenzoyl-p-amino- 
phenylarsinic acid are surpassed in 3-aminoglyoxaline-4’(or 5’)- 
carboxy-p-aminophenylarsinic acid (II). 

Glyoxaline-4'(or 5’)-carboxy-o-aminophenylarsinic acid, isomeric 
with the above described para-derivative, cannot be prepared by 
the application of the Bart-Schmidt reaction to glyoxaline-4(or 5)- 
carboxy-o-aminoanilide, because treatment with nitrous acid gives 
rise to a crystalline diazoimide (III). In the same way the amino- 
arsinic acid (II) gives rise to the crystalline diazoimide (IV). 


(G = glyoxalinyl) 
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Neither of these substances couples with alkaline $-naphthol; 
their constitution follows from the exact analogy of their formation 
with Béssneck’s 4-acetyl-3 : 4-tolylenediazoimide, the constitution 
of which was elucidated by Morgan and Micklethwait (J., 1913, 
103, 1394). The diazoimide (III) is of especial interest, because 
its formation will serve to detect nitrous acid as a crystalline 
derivative at a dilution of 1 in 6400. 

In the above derivatives the glyoxaline nucleus is joined to the 
phenyl nucleus by an amide link. The researches of Pyman and 
his associates have rendered available five isomeric nitropheny]l- 
glyoxalines, without an intermediate chain of atoms. These have 
now been reduced to the corresponding amino-derivatives and 
submitted to the Bart-Schmidt process for introducing the arsinic 
acid group. 2-m-Aminophenylglyoxaline and 2-p-aminophenyl- 
glyoxaline (V) so prepared give no recognisable trace of arsinic 
acids under a variety of experimental conditions. 

1) NHC S—c<NHGH a. aa 

v.) NH< > ~~ ) oi se, OP 

This result may be paralleled with Schmidt’s inability (Annalen, 
1920, 421, 168) to replace the amino-group in p-aminodipheny] (VI) 
by the arsinic acid group, although o-aminodiphenyl gives a 60% 
yield of the arsinic acid by the same reaction (Aeschlimann, Lees, 
McCleland, and Nicklin, this vol., p. 68). This difficulty in the 
case of substances containing the glyoxaline nucleus is clearly due 
to the fact that the most favourable conditions for carrying out 
the Bart-Schmidt reaction—neutrality or weak alkalinity—are 
precisely those which lead to coupling, internal or otherwise, of 
the glyoxaline nucleus present with the diazotised base. This is 
plainly shown, in several of the cases tried, by the concomitant 
separation of insoluble, highly coloured, amorphous, presumably 
azo-compounds. 

The marked change of physical properties associated with 
N-methylation of glyoxalines led to the preparation of 2-p-nitro- 
phenyl-1-methylglyoxaline with a view to its reduction and sub- 
sequent treatment by the Bart-Schmidt reaction. The poor yield 
of monomethylated product, however, led us to abandon the 
scheme. Another avenue of approach suggested itself in the prior 
methylation of 2-phenylglyoxaline followed by nitration, reduction 
and indirect arsination. Here again the yield of monomethylated 
product (VII) was only 18%, the main product apart from unchanged 
material being 2-phenyl-l-methylglyoxaline methochloride (VIII), 


> S-o<NMeG(H 4/7 N\_p<NMeQH)]qy vant. 
(VII.) 7 ie Cote | Cl’ (VIII) 
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which, although the salt of a quaternary base, is precipitated as an 
oil on addition of strong alkali to its aqueous solutions. 

2-Phenyl-1-methylglyoxaline (VII), which is also formed by dry 
distillation of the methochloride (VIII) under reduced pressure, 
forms an abnormal gold salt by crystallisation of the precipitate it 
yields with chloroauric acid, from water containing a little acetone. 
The constitution of this modified gold salt, RAuCl,, is similar to 
that of several others which have been described. The two types 
are readily interpreted on the electronic basis. The normal salts 
have the structure (IX) analogous to ammonium salts, whilst the 
abnormal have the structure (X) analogous to that of trimethy]l- 
amine oxide. 


PR Ere. sey R, Cl 
| e N 7 . | oe ea ‘ 
(TX.) | R, art H R,-N-Au-Cl (X.) 

R, Cl 


2-0-Aminophenylglyoxaline reacts with nitrous acid with produc- 
tion of a crystalline tricyclic 1 : 2 : 3-triazine (XI), which does not 
couple with alkaline -naphthol, in exactly the same way as o-amino- 
phenylperimidine yields the triazine (XII) (Sachs and Steiner, Ber., 
1909, 42, 3675). 


aw aha 
(t) PA ye 
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4-p-Aminophenylglyoxaline submitted to the. Bart-Schmidt reac- 
tion yields a very smal] amount of 4-phenylglyoxaline-p-arsinic acid, 
the main product being a purple dyestuff. The arsinic acid was 
not obtained in sufficient quantity for trial on experimental trypano- 
somiasis. This was unfortunate, as its structure (XIII) bears a 


close resemblance to the pyrazolone (XIV), derivatives of which 
are at present on the market for the treatment of protozoal diseases. 


ee a eae 


(XIII.) (XIV.) 


The isomeric 4-0-aminophenylglyoxaline on diazotisation yields a 
non-coupling, yellow triazine structurally related to (XI). The 
chief interest, however, in 4-o-aminophenylglyoxaline lay in the 
remote possibility of its resolution into enantiomorphs. Pyman 
has produced a considerable body of evidence for the resemblance 
between glyoxaline and benzene, so that the substance under con- 
sideration, being related to diphenyl, should, if Kaufler’s ideas be 
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applied to it, be resolvable. The other type of formula, the non- 
coplanar type, suggested by Kenner as an explanation to be con- 
sidered in the interpretation of his results, would, in the present 
instance, not lead to enantiomorphs. 4-0-Aminophenylglyoxaline 
has been fractionally crystallised from water at low temperatures 
as its normal d-tartraie and as its dicamphor-10-sulphonate, but in 
neither case was there any evidence of resolution. 

Several attempts have been made under a variety of conditions 
to introduce arsenic directly into the glyoxaline nucleus, but hitherto 
unsuccessfully. The Béchamp reaction (heating with arsenic acid) 
has been applied to glyoxaline, 1-methylglyoxaline, 2-phenyl- and 
4-phenyl-glyoxalines, whilst the action of arsenious chloride with 
or without addition of aluminium chloride has been examined on 
glyoxaline, 1-methylglyoxaline and 4-phenylglyoxaline. 

We are much indebted to Miss F. M. Durham and Miss J. Marchal 
for the care exhibited in determining the therapeutic action of the 
arsinic acids herein described, and to Prof. Pyman, not only for 
freely allowing us to work in this field and for placing at our service 
unpublished results which materially assisted the investigation, but 
also for a gift of 4-o-nitrophenylglyoxaline. 


ExPERIMENTAL. 


Nitration of Glyoxaline-4(or 5)-carboxyanilide—The nitrate 
separating from water is dimorphous, both forms crystallising with 
4H,0, (a) unstable, fluffy needles, loss at 100° = 4:3; (6) stable, 
stout prisms, m. p. 170—171° (decomp.), loss at 100° = 3-4: 
Theory for }H,O = 3-5%. Found in dry salt by nitron estimation, 
HNO,, 25-1 (Theory requires HNO,, 25-2%). The nitrate (75 g.) 
was added gradually and with ice-cooling to 150 c.c. of concentrated 
sulphuric acid. The product was kept for 3 hours at room tem- 
perature and then poured into ice-water ; the solid obtained (55:5 g.), 
m. p. 265° (decomp.), recrystallised twice from 700 c.c. of N-hydro- 
chloric acid, gave 33-8 g. of glyoxaline-4(or 5)-carboxy-p-nitroanilide 
hydrochloride. A further 4:7 g. were obtained from the mother- 
liquors. 

The sulphuric acid mother-liquors were heated at 80° and frac- 
tionally precipitated by addition of sufficient strong alkali to produce 
a slight separation of solid from the hot solution and copious 
crystallisation when cold. The process was repeated until all 
acidity was removed, final neutralisation being effected by saturated 
sodium carbonate. Several crops of almost pure glyoxaline-4(or 5)- 
carboxy-o-nitroanilide, m. p. 229°, were thus obtained. This was 
finally purified as hydrochloride.‘ The final mother-liquors of the 
fractionation gave 1-0’g. of p-nitroaniline (m. p. 147°). 
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In all, 38-5 g. of the p-isomeride and 15-4 g. of the o-isomeride 
were obtained in a pure state as hydrochlorides, yields of 36 and 
14-3% respectively. 

Glyoxaline-4(or 5)-carboxy-p-nitroanilide hydrochloride mono- 
hydrate crystallises from N-hydrochloric acid, in which it is sparingly 
soluble, in long, colourless, rectangular prisms or tablets decomposing 
about 298°. It also crystallises in fluffy needles which, on standing 
in contact with the solution, pass into the previously described stable 
variety (Found : loss at 95°, 1-9; Cl, 12-4. C,)H,O,N,,HCI,H,O 
requires Cl, 12-4°%%. When dried at 110°, the salt suffers complete 
loss of water and partial loss of hydrogen chloride. Found: 
loss, 7-4; Cl, 12-1. The monohydrate requires H,O, 6-3%. 
C,)H,0,N,,HCl requires Cl, 13-2%). 

The base crystallises from glacial acetic acid in long, colourless 
plates, m. p. 307° (corr.), which contain two mols. of acetic acid 
(Found: loss at 95°, 37-1; on dried solid, C, 51:7; H, 3-5. 
C,,)H,0,N,,2C,H,O, requires loss, 34:1%. C,9H,O,N, requires 
C, 51-7; H, 34%). It is practically insoluble in water and the 
usual organic solvents except acetic acid. It dissolves in 2N-sodium 
hydroxide with a pale yellow colour and is reprecipitated by carbon 
dioxide. It forms a sparingly soluble nitrate, m. p. 205° (decomp.). 

Glyoxaline-4(or 5)-carboxy-o-nitroanilide crystallises from glacial 
acetic acid in bright yellow, glistening plates, m. p. 229° (Found : 
C, 51:3; H, 3-5. C,jH,O,N, requires C, 51-7; H, 3-4%). It is 
practically insoluble in water and the usual organic solvents except 
acetic acid. In 2N-sodium hydroxide it dissolves with an intense 
yellow colour and is precipitated by carbon dioxide as glistening, 
yellow needles. The nitrate, from 2N-nitric acid, crystallises in 
long, yellow prisms, m. p. 196° (decomp.). The hydrochloride 
crystallises from N-hydrochloric acid, in which it is moderately 
easily soluble, in yellow, rectangular, anhydrous prisms (Found : 
Cl, 13-0. C,)H,0O,N,,HCl requires Cl, 13-2%). 

Hydrolysis of the Nitro-compounds.—2-0 Grams of each hydro- 
chloride were boiled for 3 hours with 20 c.c. of 16% hydrochloric 
acid. Extraction with ether isolated p- and o-nitroaniline respec- 
tively, which were identified by the melting points of mixtures 
with authentic specimens. The mother-liquors were partly basified ; 
glyoxaline-4(or 5)-carboxylic acid was then isolated, effervescing 
at 275° (alone, or mixed with an authentic specimen). 

Glyoxaline-4(or 5)-carboxy-p-aminoanilide Dihydrochloride. — 
Twelve grams of the hydrochloride of the p-nitroanilide were added 
to a mixture of 75 c.c. of concentrated hydrochloric acid and 75 c.c. 
of alcohol containing 30 g. of hydrated stannous chloride in solution. 
On heating at 80°, a bulky, pale yellow precipitate separated, which 
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dissolved on addition of more alcohol. On cooling, 15-6 g. of the 
stannichloride of the amino-base, m. p. 290° (decomp.), separated, 
and a further 2-3 g. on concentration of the mother-liquors. After 
removal of tin as sulphide, the dihydrochloride of the base, 9-55 g. 
or 80% of theory, was isolated. This salt crystallises from dilute 
hydrochloric acid in colourless, glistening, rectangular prisms which 
blacken at about 290° and crystallise with one molecule of water 
(Found : loss, 6-1; on anhydrous salt, C), 25-9. C,95H,,ON,,2HC1,H,O 
requires H,O, 6:1%. C, 9H, ,ON,,2HCI requires Cl, 25-8%). The 
diazotised salt couples with alkaline $-naphthol with production 
of a red solution. The base is precipitated by addition of sodium 
carbonate solution. It is moderately soluble in water and crystal- 
lises in colourless, glistening, delicate plates, m. p. 228°. The 
picrate crystallises in long, fine, yellow needles darkening at 256° 
and decomposing at 266°, and is very sparingly soluble in boiling 
water (Found: H,O, 5-7; on dried salt, picric acid, estimated by 
nitron, 53-0. C, 9H, ,ON,,C,H,0O,N;,14H,O requires H,O, 5:9%. 
C19H 1 ,ON,,C,H,O,N, requires picric acid, 53-1%). 

Glyoxaline-4(or 5)-carboxy-o-aminoanilide Dihydrochloride.—Six 
grams of the hydrochloride of the nitroanilide were reduced in the 
same way as the p-nitroanilide. On keeping, the stannichloride 
(11-0 g.) separated in colourless, rectangular prisms, and on con- 
centration another 2-0 g. were obtained. On removal of tin as 
sulphide and concentration to a low bulk, glyoxalinecarboxy-o- 
aminoanilide dihydrochloride crystallised out (yield 5-4 g. or 87-5%). 
This salt crystallises from dilute hydrochloric acid in long, 
rectangular prisms which decompose at 310° and crystallise with 
one-half a molecule of water (Found: loss at 100°, 3-6. 
C,)H,,ON,,2HCI,4H,O requires H,O, 3:2%. Found: on dried 
salt, Cl, 25-5. C, 9H,,ON,,2HCl requires Cl, 25-8%). It is very 
readily soluble in water and on addition of sodium nitrite a diazo- 
imide (III) crystallises out. This is sparingly soluble in boiling 
acetic acid, ethyl alcohol or benzene, somewhat more readily soluble 
in boiling methyl alcohol, from which it separates in fine needles, 
m. p. 195—196°, but varying with the rate of heating. The diazo- 
imide is soluble in sodium hydroxide solution but not in sodium 
carbonate, and forms an insoluble hydrochloride with concentrated 
hydrochloric acid, but dissolves on dilution. It produces no colour 
on addition to alkaline 8-naphthol solution. It is very sparingly 
soluble in water and will detect nitrous acid as a solid crystalline 
derivative at a dilution of 1 in 6400 in the presence of sodium 
acetate, or, conversely, the anilide can be detected at a dilution 
of 1 in 5000. 


The amino-base is “precipitated on careful addition of sodium 
4x2 
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carbonate to the dihydrochloride. It is moderately easily soluble 
in boiling water and crystallises in fine needles, m. p. 270° with 
previous darkening. The dipicrate is very sparingly soluble in 
boiling water and crystallises in minute needles, m. p. 242° (decomp.) 
(Found: H,O, 5-9, 5-6; on dried salt, picric acid, 70-8, 71-0. 
C1 9H ,)ON,,2C,H,0,N,,24H,O requires H,O, 58%. 
C19 H9ON,,2CgH30,N3 

requires picric acid, 69-4%). 

Glyoxaline-4'(or 5’)-carboxy-p-aminophenylarsinic Acid (I).—Gly- 
oxalinecarboxy-p-aminoanilide dihydrochloride (27-3 g.) (in 5 
batches) was dissolved in 150 c.c. of water, cooled to 0°, and diazo- 
tised by addition of 100 c.c. of 10% sodium nitrite solution. To the 
clear solution 9-0 g. of arsenious oxide in 70 c.c. of 2N-sodium 
hydroxide were added to produce a faintly alkaline reaction. A 
light brown precipitate separated and a considerable amount of 
frothing took place. After keeping over-night, the solution was 
warmed on the water-bath and filtered from coloured by-products. 
The filtrate was fractionally precipitated with strong hydrochloric 
acid and after removal of amorphous material a crystalline crop 
separated. On keeping, 11-2 g. (86% yield) of crude arsinic acid 
were obtained. It crystallised from 75% acetic acid (50 vols.) in 
pale yellow, glistening, triangular leaflets which darkened at 280°. 
This acid is almost insoluble in boiling water or glacial acetic acid, 
dissolves more readily in mixtures, but is readily soluble in boiling 
25% formic acid, separating in needles, forming a very stable 
monohydrate (Found on various samples: loss at 105°, 0-7; As, 
22-4, 22-4, 22-8. OC, )H,,0,N,As,H,O requires As, 22:8%). A 1% 
solution in 0:2N-ammonia treated with a tenth of its volume of 
5% magnesium or calcium chloride gave an immediate precipitate 
of the magnesium salt in fine needles, but the calcium salt separated 
in anisotropic spheroids, only on heating. The sodiwm salt crystal- 
lises in needles, and the hydrochloride in fine needles. 

Glyoxaline-4'(or 5')-carboxy-p-amino-3-nitrophenylarsinic Acid.— 
Glyoxalinecarboxy-p-aminophenylarsinic acid (9-9 g.) was dissolved 
in 30 c.c of sulphuric acid at 0° and nitrated by addition of 3 g. 
of nitric acid (d 1-42) dissolved in a few c.c. of sulphuric acid. When 
the mixture was poured on to ice, the crude nitro-acid (10-5 g.) 
separated, at first in leaflets, but later in needles. The mother- 
liquors, neutralised to Congo-paper and kept at 0° for 3 days, 
deposited a further 2-0 g. of nitro-acid. The pure nitro-acid is best 
obtained by crystallisation from 50% acetic acid. It is almost 
insoluble in boiling water or boiling glacial acetic acid. From 25% 
formic acid it separates in clusters of yellow plates, m. p. about 
327° (decomp.). It forms a very stable monohydrate (Found : 
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loss at 110°, 0-9; on two distinct samples of dried acid, As = 19-8, 
19-9. C,,H,O,N,As,H,O requires As, 20-:0%). 1% Solutions in 
0-2N-ammonia were treated with a tenth of the volume of 5% 
lithium, magnesium, calcium or barium chloride; a micro-crystalline 
precipitate of the magnesium salt formed immediately, the calciwm 
salt separated almost immediately in fine needles, and the barium 
salt also in fine needles, especially on rubbing the walls of the vessel. 
The lithium salt separated after keeping for several days. 
Hydrolysis of the Nitro-acid.—Two grams of the pure acid were 
boiled for 30 minutes with 30 c.c. of N-sodium hydroxide, and the 
solution was cooled and made neutral to Congo-paper. Successive 
crops of acids were obtained which by suitable crystallisation from 
water gave eventually an 86% yield of 3-nitro-4-aminophenylarsinic 
acid and an 83% yield of glyoxalinecarboxylic acid. There was no 
evidence for the presence of isomeric nitro-acids, and no definite 
evidence was obtained from fractional crystallisation of 10 g. of 
crude glyoxalinecarboxy-p-aminonitrophenylarsinic acid. 
Glyoxaline-4' (or 5’)-carboxy-p-amino-3-aminophenylarsinic acid (II) 
was prepared by dissolving 8-0 g. of the nitro-acid in 80 c.c. of 
2N-sodium hydroxide at — 5°, adding gradually 28 g. (7 mols.) of 
ferrous chloride in 40 c.c. of water and and finally 80 c.c. of 2N- 
sodium hydroxide. After filtration, the ferric hydroxide was 
extracted thrice with 150 c.c. of 0-2N-sodium hydroxide. The 
combined filtrates were neutralised to Congo-paper, and the crude 
amino-acid (5-65 g.), which separated crystalline, was collected. 
The mother-liquors were made alkaline with ammonia and heated 
with magnesium chloride. The magnesium salt which separated 
was dissolved in 50 c.c. of N-hydrochloric acid, and the acidity 
removed by sodium acetate. The amino-acid so obtained weighed 
0-85 g. The total yield of crude amino-acid was 86%. It was 
purified with difficulty by dissolving in 0-5N-hydrochloric acid and 
cautiously adding saturated sodium acetate solution until the 
solution was only faintly acid to Congo-paper. This caused the 
gradual separation of a green, flocculent substance which could be 
filtered off ; the amino-acid was precipitated from the filtrate by 
further addition of sodium acetate. The pure amino-acid crystal- 
lises in fine, long, colourless, rectangular prisms which are unmelted 
at 320°. They contain half a molecule of water, not lost at 100° 
(Found : As, 22-4, 22-2. C, 9H,,0,N,As,4H,O requires As, 22-4%). 
In hydrochloric acid solution addition of sodium nitrite causes an 
immediate precipitation of a crystalline diazoimide (IV), which 
separates from dilute solutions in microscopic leaflets. The diazo- 
imide does not couple with #-naphthol. A 1% solution of the 
amino-acid in 0:2N-ammmonia treated with one-tenth its volume of 
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5°% magnesium or calcium chloride gave an immediate precipitate 
of the magnesium salt in fine needles, whilst the calcium salt was 
precipitated, in crystalline tufts, only on heating. 

2-p-Aminophenylglyoxaline dihydrochloride (V) was obtained by 
reducing 19-0 g. of 2-p-nitrophenylglyoxaline with 68 g. of stannous 
chloride in 170 c.c. of concentrated hydrochloric acid. The stanni- 
chloride separated, in colourless needles, after digestion on the 
water-bath. Its de-tinned solution, on concentration, gave 16-2 g. 
of the pure dihydrochloride, crystallising in colourless, rectangular 
prisms which darken at about 300° (Found : Cl, 30-5. C,H,N,,2HCl 
requires Cl, 30-6%). It diazotises and couples with alkaline 
6-naphthol, forming a deep red solution, and also gives an intense 
red solution with Pauly’s reagent. The free base is an oil which 
turns brown on exposure to air. The monopicrate is very sparingly 
soluble in water and crystallises in orange, glistening, rectangular 
plates, decomp. about 238° (Found: picric acid by nitron, 58-7. 
C,H,N;,C,H,0,N, requires picric acid, 59-0%). Under no con- 
ditions could any arsinic acid be isolated by the application of the 
Bart reaction to this aminophenylglyoxaline. 

Action of Methyl Sulphate on 2-p-Nitrophenylglyoxaline.—The 
base (12-6 g.) was heated at 100° with 8-4 c.c. of methyl sulphate 
for 1 hour. After initial liquefaction the product set to a cake. 
The solid obtained on treatment with sodium hydroxide was crystal- 
lised as hydrochloride; 6-0 g. of the hydrochloride of the initial 
material were recovered. The hydrochloride mother-liquors, on 
being basified, gave 1-0 g., m. p. below 120°. This was 2-p-nitro- 
phenyl-1-methylglyoxaline, and when recrystallised from water it 
separated in long, pale yellow, silky needles, m. p. 116-5° (corr.). 
It is moderately soluble in boiling water, sparingly so in ether, and 
very soluble in alcohol, benzene, or chloroform. The chloroaurate 
crystallises from 3N-hydrochloric acid in golden-yellow, irregular 
prisms which decompose at 226° (corr.). It is soluble to the extent 
of 1 in 300 in the boiling acid (Found: Au, 36-4. C,j>H,O,N,,HAuCl, 
requires Au, 36-3%). The hydrochloride crystallises in elongated 
plates and is very soluble in water. The nitrate crystallises in 
diamond-shaped plates effervescing at 186° (corr.). It is moderately 
soluble in water, but sparingly soluble in dilute nitric acid. The 
picrate crystallises from alcohol, in which it is very sparingly 
soluble, in fine, glistening needles, m. p. 212° (corr.) (Found : 
picric acid by nitron, 53-1. C,)H,O,N;,C,H,0,N, requires picric 
acid, 53-0%). 

2-m-Aminophenylglyoxaline dihydrochloride was obtained by 
reducing 7-0 g. of the m-nitrophenylglyoxaline with 25 g. of stannous 
chloride in 64 c.c. of concentrated hydrochloric acid and 30 c.c. of 
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alcohol on the water-bath. When cold, the stannichloride separated 
in rectangular prisms which, after de-tinning and concentration, 
gave 6-2 g. of the pure dihydrochloride. This salt is a monohydrate 
and melts with decomposition at 282°. It is very soluble in water, 
less soluble in acid solutions (Found: loss, 7:3; on dried salt, 
Cl, 30-5. C,H,N;,2HCI,H,O requires H,O, 7:3%. C,H,N;,2HCl 
requires Cl, 30-6%). After diazotisation, it couples with alkaline 
8-naphthol with an intense red colour. The base liberated by 
addition of sodium bicarbonate is very soluble in water. It is a 
monohydrate which partly melts with effervescence between 130 and 
140° and finally melts at 202—203°. When dried at 95°, it melts 
at 203—204° (Found: loss at 95°, 9-1. C,H,N;,H,O requires 
H,O, 10-2%). The anhydrous base is sparingly soluble in boiling 
acetone, benzene, or ethyl acetate, and readily soluble in hot alcohol, 
from which it crystallises in fine needles. The monopicrate crystal- 
lises from water, in which it is very sparingly soluble, in long spikes, 
decomp. 218° (Found : picric acid by nitron, 58-0. C,H,N;,C,H,0,N, 
requires picric acid, 59-0%). 

Attempts to replace the amino-group in this base by the arsinic 
acid group by the Bart reaction were all unsuccessful. 

2-0-Aminophenylglyoxaline dihydrochloride was prepared from 
the nitro-compound by reduction with stannous chloride, the 
stannichloride separating in thin plates. The dihydrochloride (Found: 
Cl, 30-5. C,H,N,,2HCl requires Cl, 30-5%) crystallised in large, 
glassy tablets melting at 234—236° and decomposing a few degrees 
higher. It was readily soluble in water and on addition of sodium 
nitrite gave a triazine (XI) crystallising in needles, m. p. 113—114°. 
This triazine is insoluble in alkali, but immediately soluble in 
concentrated hydrochloric acid. From 3N-hydrochloric acid the 
hydrochloride of the triazine crystallises in needles. The triazine 
does not couple with alkaline @-naphthol. The monopicrate of the 
o-base is readily soluble in boiling water and crystallises in small, 
feathery needles, m. p. 211—212° (without decomp.) (Found : 
picric acid, 59-6. C,H,N,,C,H,0O,N, requires picric acid, 59-0%). 
The base melts at 136—137° and crystallises from water in large, 
white, fern-like crystals. 

4-p-Aminophenylglyoxaline dihydrochloride was prepared by reduc- 
ing the p-nitro-base (19 g.) by 68 g. of stannous chloride in 170 c.c. 
of concentrated hydrochloric acid and 50 c.c. of alcohol on the water- 
bath at 80°. The stannichloride (needles darkening at 310°) crystal- 
lised from the hot solution. After removal of tin as sulphide, 
17-1 g. of pure dihydrochloride were obtained in colourless, glistening 
needles which darken at 310° (Found: Cl, 30-5. C,H,N,,2HCl 
requires Cl, 30-6%). “It is readily soluble in water, and when 
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diazotised gives with alkaline 6-naphthol an intense purple dye; 
but a similar colour is obtained with the diazotised base and sodium 
hydroxide alone. It gives an intense red colour with Pauly’s 
reagent. The base crystallises from water, in which it is moderately 
soluble, in glistening, hexagonal plates, m.p. 98° (corr.). The 
dipicrate crystallises from water, in which it is very sparingly soluble, 
in yellow needles, m. p. 240° (decomp.) (Found : picric acid, 73-9. 
C,H,N,,2C,H,0O,N, requires picric acid, 74:2%). 

Glyoxaline-4(or 5)-phenyl-p-arsinic acid (XIII) was obtained by 
addition of sodium nitrite to 4-p-aminophenylglyoxaline dihydro- 
chloride (10 g.) at 0° and subsequent addition of 6-6 g. of arsenious 
oxide in 36 c.c. of 2N-sodium hydroxide. An intense dark purple 
solution was formed, but the reaction of the solution could be 
adjusted to neutrality by use of glazed litmus paper. When the 
evolution of nitrogen had ceased, the solution was warmed on the 
water-bath, and the insoluble dyestuff filtered off. The solution 
was made neutral to Congo-paper and, after removal of amorphous 
material, was concentrated. The arsinic acid separated in reddish- 
yellow plates, which were unmelted at 310° (yield 0-5 g.). On 
crystallisation from glacial acetic acid, it separated in dense yellowish- 
brown prisms. The amount of material was insufficient for 
analysis, but served to confirm its identity. Further experiments 
under a variety of conditions resulted in no improvement of the 
yield. This acid gave an intense reaction with Pauly’s reagent. 
Its ammoniacal solution gave an amorphous magnesium salt on 
heating, but the calciwm salt separated in the cold in sphero- 
crystals. The barium and lithium salts were soluble. From 
alkaline solutions the acid is precipitated by addition of mineral 
acid in colourless, elongated leaflets. 

4-0-Aminophenylglyoxaline dihydrochloride was obtained by reduc- 
tion of the nitro-base by stannous chloride in concentrated hydro- 
chloric acid. On removal of tin and concentration, the dihydro- 
chloride monohydrate separated in colourless prisms which effervesce 
at 256° and do not lose the water of crystallisation at 95° (Found : 
Cl, 29-1, 29-1. C,H,N,,2HC1,H,O requires Cl, 29-2%). It is very 
soluble in water and with sodium nitrite gives a bright yellow 
solution from which the triazine separates in clusters of microscopic 
needles. It does not couple with alkaline B-naphthol and is not 
soluble in alkali. The base separates as an oil on addition of sodium 
hydroxide, but a slight excess of sodium bicarbonate causes it to 
crystallise in square plates, m. p. 131°. It is soluble in water, 
sparingly soluble in ether, and is unaffected by excess of sodium 
hydroxide. The dipicrate crystallises in elongated plates from 
water, in which it is sparingly soluble, and decomposes about 200° 
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(Found : picric acid by nitron, 73-5. C,H,N;,2C,H,0,N, requires 
picric acid, 74-2%). The normal tartrate separates in felted needles 
from aqueous solutions containing molecular proportions of the 
constituents or one molecular proportion excess of tartaric acid. 
Repeated crystallisation at temperatures below 40° failed to effect 
any change in its rotation or melting point. It crystallises with 
1-5H,O and loses 1H,O in a vacuum over sulphuric acid. When 
air-dried or dried in a vacuum, it melts at 95—97° and then effer- 
vesces at about 130° [Found : loss in a vacuum, 5-3; on vacuum- 
dried material, C, 49:1; H, 5-1. C,H,N;,C,H,0,,1}H,O requires 
(for loss of 1H,O), H,O, 54%. C,H,N;,C,H,O,,4H,O requires 
C, 49-1; H, 51%]. The specific rotation was determined in water : 
c= 0-914; 1=2; «+ 0-27°; [«]544; + 148°. The di-d-camphor- 
10-sulphonate is readily soluble in water, from which it crystallises 
in anhydrous needles, m. p. 198—200° (Found: S, 10-1. 
C,H,N3,2C,5H,,0,8 requires 8, 100%). The rotation was un- 
changed after recrystallisation from water below 40°: c= 1-0; 
T= 2; «+ 0-428°; [a]sag3 = + 214°: c= 204; T=2; a+ 
0-868°; [a]sag¢, = + 21:3°; whence [M];,,, = 133-1°. Graham 
(J., 1912, 101, 747) gives for the molecular rotation of the camphor- 
sulphonic ion [M];4g, = 66-5; whence, for two ions, [M]s4g; = 
133-0°, a value identical with that observed for the above 
salt. 

Methylation of 2-Phenylglyoxaline.—Methyl1 sulphate (28 c.c.) was 
added in small quantities to 40 g. of 2-phenylglyoxaline with cooling. 
A vigorous reaction ensued and the mass liquefied. After heating 
for 30 minutes on the water-bath, the product was treated with 
20 c.c. of water and mixed with sodium nitrate and nitric acid. On 
concentration, an oily layer separated, which deposited 11-2 g. of 
a nitrate, m. p. 126°; this, on recrystallisation, gave eventually 
8-5 g. of unchanged 2-phenylglyoxaline, and from its mother- 
liquors, 1-3 g. of 2-phenylglyoxaline picrate, m. p. 234°, and 1-0 g. 
of a new picrate, m. p. 132°. The original nitrate mother-liquors 
were concentrated further, made alkaline with sodium hydroxide, 
and extracted with chloroform. The chloroform was extracted 
twice with water; the aqueous solution, on evaporation with hydro- 
chloric acid, gave 15:5 g. of 2-phenyl-1-methylglyoxaline metho- 
chloride (VIII). The chloroform extract, distilled at 20 mm., 
gave 9-4 g. of an oil, b. p. 190°, from which alcoholic picric acid 
produced 27 g. of picrate, m. p. 124°. On recrystallisation from 
water, 19-2 g. of 2-phenyl-1-methylglyoxaline picrate, m. p. 132°, 
were obtained, and from the mother-liquors 1-6 g. of 2-phenyl- 
glyoxaline picrate, m. p. 232°, with various small crops of mixed 
picrates. 2-Phenylglyoxaline, 2-phenyl-1-methylglyoxaline, and 

4x 
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2-phenyl]-1-methylglyoxaline methochloride were obtained in yields 
of 32-3, 18-2, and 26-7% respectively. 

2-Phenyl-1-methylglyoxaline (VII) is a viscous, pale yellow oil, 
b. p. 175°/15 mm., with a strong but not unpleasant odour. It is 
not soluble in water, but soluble in organic solvents. The chloro- 
aurate is practically insoluble in water, alcohol, or 3N-hydrochloric 
acid, but can be recrystallised from the first-named by addition of 
a little acetone. It separates in deep yellow, elongated prisms, 
m. p. 189° (corr.) (Found: Au, 42-8. C,H, )N,,AuCl, requires 
Au, 427%). The nitrate is a very soluble salt crystallising in 
needles, m. p. about 100°. The picrate separates from 60 parts of 
boiling water in glistening, elongated plates, m. p. 133° (corr.). 
It dissolves three times as readily in boiling alcohol (Found : picric 
acid, 59-3. C, )H,)N,,C,H,O0,N, requires picric acid, 59-2%). The 
hydrochloride is extremely readily soluble in water or alcohol and 
separates in needles (Found: loss in a vacuum, 14-9; on dried 
material, Cl, 18-4. C,)H,)N,,HCI,2H,O requires H,O, 15-6%. 
Ci 9H,9N,,HCl requires Cl, 18-2%). The hydrogen oxalate crystal- 
lises from alcohol in colourless, long needles, m. p. 135° (corr.). 
It is readily soluble in water and hot alcohol [Found: N, 11-0 
(Kjeldahl). C,,H,)N,,C,H,O, requires N, 11:3%]. 

2-Phenyl-1-methylglyoxaline methochloride was obtained in small, 
very hygroscopic needles, m. p. 272°, by dissolution in absolute 
alcohol and addition of ether (Found: H, 6-2; N, 13-7; Cl, 16-7. 
C1 9H, )N.,CH,Cl requires H, 6-2; N, 13-4; Cl, 17-0%). On addition 
of strong alkali to an aqueous solution the quaternary base is 
precipitated as an oil. The chloroaurate crystallises from dilute 
hydrochloric acid, in which it is very sparingly soluble, in pale 
yellow, elongated leaflets, m. p. 134° (corr.) (Found: Au, 38-5. 
C,,H,,N,,AuCl, requires Au, 38-5%). 

Distillation of 2-Phenyl-1-methylglyoxaline Methochloride.—Five 
grams of this salt were distilled at 15 mm. 2-Phenyl-1-methy]- 
glyoxaline distilled over at 175° in 56% yield. It was converted 
into the picrate, m. p. 132°, and proved to be identical with that 
described above. 


We are indebted to Mr. W. Anslow for the majority of the analyses 
recorded in this paper. 
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CCCLXXI.—The Rate of Reaction of Bromine with 
Aqueous Formic Acid. 


By Dauzret LLEWELLYN Hammick, WILLIAM KENNETH HovutTcHISON, 
and FREDERICK ROWLANDSON SNELL. 


Formic acid in aqueous solution is oxidised by each of the halogens 
to carbon dioxide and halogen acid, the reactions in the cases of 
bromine and iodine proceeding at rates that make velocity measure- 
ments possible. An account is now given of a study of the kinetics 
of the oxidation by bromine. Somewhat similar reactions have 
been studied by Bugarsky (Z. physikal. Chem., 1901, 38, 561; 
1904, 48, 63), who recognised clearly the disturbing effects due to 
the products of the reaction, to which effects further reference will 
be made. 

That the reaction goes to completion in accordance with the 
equation HCO,H + Br, = 2HBr + CO, was established in the 
following manner. A strong solution of bromine in water was 
contained in an apparatus as described by Richards (ibid., 1902, 
41, 544) which delivered bromine solution of constant strength. 
The amount of bromine in one measure (about 15 c.c.) was estimated 
iodometrically. A mixture of exactly 20 c.c. of a solution of 
formic acid of known strength, 4 measures of bromine water, and 
20 c.c. of approx. N-hydrobromic acid was kept in a thermostat 
at 25° for 3 days. By estimating the residual bromine it was found 
that 2-23 g.-mols. of formic acid react with 2-24 g.-mols. of bromine. 

Materials and Method——The bromine, prepared from pure 
potassium bromide, contained 99-6°/, Br, and no detectable iodine. 
The anhydrous formic acid contained 99-794 HCO,H. A Jena glass 
flask, of about 450 c.c. capacity, with a narrow neck and ground 
glass stopper was used as the reaction vessel, placed in a thermostat 
at 25-00° + 0:°04°. The initial volume of reaction mixture was 
always 400 c.c. 

Preliminary experiments established the following points: (1) 
Under thé conditions of working, light has no appreciable effect on 
the rate of reaction. (2) The rate of reaction is greatly diminished 
by the presence of hydrogen- or bromine-ion. 

Experiments were therefore made to determine the rate of dis- 
appearance of bromine in solutions containing excess of both formic 
acid and hydrobromic acid. Quantities of 25 c.c. of the reaction 
mixture were withdrawn at measured times and discharged into 
potassium iodide solution. The iodine liberated was then titrated 
with standard thiosulphate. In all these experiments the titration 


of the initial quantity of bromine was carried out under similar 
4x*2 
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conditions of acidity. But no attempt was made to neutralise the 
excess of acid in the titrations, since the form of the monomolecular 
velocity coefficient ensures that any proportional error in the 
titration will be eliminated. 

Table I shows that the rate of disappearance of bromine follows 
the monomolecular law k = 2-303/t. log {a/(a — x)}, where a is 
the initial titre equivalent to 25 c.c. of reaction mixture and (a — 2) 
is the titre at time ¢ (mins.). A zero time correction was introduced 
owing to the time of mixing being rather long compared with the 
time of reaction. This correction, obtained by plotting values of 
log {a/(a — x)} against ¢ and extrapolating back to zero, was never 
very large, being generally of the order of — 0-1 min. All the 
values of k have been computed after the addition or subtraction of 
the necessary correction thus obtained. 


TABLE I. 
CuBr, CHcosx, and initial concentration of bromine = 0-1665, 0-278, and 
0-0108 g.-mol. per litre, respectively. Zero time = —0-05 min. 


0-00 1-82 3-30 4-32 5-68 7-30 11-80 
18-69 13-32 10-81 8-18 5-82 2-40 

0-205 0-215 0-213 0-212 0-211 0-206 

Mean 0-210 


Table II summarises the results of similar experiments carried 
out in order to determine the influence of the concentration of the 
formic acid on the rate of reaction. The value of the monomolecular 
velocity coefficient, kops,, is the measure of the rate of the reaction, 
and the constancy of the quotient ko»;,/cx0o,n is satisfactory proof 
that the rate is proportional to the concentration of formic acid. 
The reaction between bromine and formic acid is therefore of the 
second order. It remained to investigate the influence of the 
hydrogen and bromine ions on the rate of reaction. 


TABLE II. 
Cupr = 0-1820 g.-mol. per litre. 


CHCOsH 0-1409 0-1409 0-2113 0-2818 . 0-4227 
kobe. 0-092 0-096 0-146 0-192 0-284 
kovs. /Cucogu 0-653 0-681 0-693 0-683 0-673 


Jakowkin (Z. physikal. Chem., 1896, 20, 19) and others have shown, 
as a result of partition experiments, that bromine in a solution 
containing excess of bromine ions is present largely as the tribromide 
ion. The equilibrium constant 


K, = [Br']J[Br,]/[Brs'] . . . . . (1) 
has been calculated to about 0-063, assuming complete dissociation 
of the electrolytes involved. The corresponding constant for the 
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combination of bromine molecules with chlorine ions is of the 
order of 0-8. Now, in order to study the reaction at different 
concentrations of hydrogen ion, it is necessary to add varying 
quantities of some strong acid, and for this purpose hydrochloric 
acid appeared most suitable. But sufficient hydrobromic acid must 
be present, not only to maintain the bromine-ion concentration 
constant, but also to outweigh the much slighter influence of the 
chlorine ion in removing bromine molecules from the solution, and 
so render the disturbing effect of the chlorine ion negligible. 
Table III summarises the results of experiments carried out on 
these lines. The normality of the hydrobromic acid was 0-1213 
throughout and that of the hydrochloric acid never exceeded 
0-2540, so that the disturbing effect of the chlorine ion would never 
be serious. Under “ « ” are given the activity coefficients of hydro- 
chloric acid (Lewis and Randall, “ Thermodynamics,” 1923, p. 336) 
for the total acid concentration; for since coefficients for hydro- 
bromic acid were not available, it was assumed that they would 
not be very different from those for hydrochloric acid. 


TaBLeE III. 
Cucosw = 0-282 g.-mol. per litre. cypr = 0-1213N. 


Cuci(N)). Carpr,Hcy (NV). a. Kovs- a X Crpr,uc) X Kovs. 
0-000 0-1213 0-807 0-353 0-0346 

0-0252 0-1467 0-798 0-298 0-0349 

0-0402 0-1637 0-793 0-269 0-0349 

0-0807 0-2020 0-782 0-216 0-0341 

0-1794 0-2907 0-769 0-157 0-0351 

0-2540 0-3753 0-763 0-125 0-0346 

The constancy of the figures in the last column shows that the 
rate of reaction is inversely proportional to the active or effective 
concentration of the hydrogen ion. This is readily explained on 
the assumption that the ions of formic acid react and not the 
undissociated molecules. Formic acid is a comparatively weak 
acid, obeying the dilution law, so that in the presence of excess of 
hydrogen ion the concentration of formyl ion is inversely propor- 
tional to the concentration of the hydrogen ion. 

It was anticipated that the influence of the bromine ion on the 
rate of reaction might be accounted for by the removal of bromine 
molecules as tribromide ions, provided that these do not take part 
in the reaction. If the expression (eq. 1) for the equilibrium 
between free bromine molecules, bromine ions, and tribromide 
ions is combined with equation 2, which represents the total concen- 
tration of bromine in the solution (= {Br,}) in terms of the concen- - 
tration of free bromine molecules (= [Br,]) and of tribromide ions 


(= [Br3']), 


{Br,} = [Bry] + [Brs'] - . . . - (2) 
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a relation (eq. 3) is obtained between total bromine, free bromine, 
and bromine-ion concentrations. 


[Br,] = {Bry}/[1 + 1/K,[Br']) . . . . (3) 


Assuming now that the reaction is due to the free bromine molecules, 
it is found that the reaction velocity should be proportional to their 
concentration at any instant, and that the monomolecular velocity 
coefficient should be related to the bromine-ion concentration by 


the equation 
kovs. = K/(1 + 1/K,[Br’]) . . . . (4) 


Two methods are available for testing these conclusions. The 
first of these, the results of which are in Table IV, consists in 
keeping the hydrogen-ion concentration constant by the introduction 
of a sufficient quantity of hydrobromic acid, which also supplies 
the minimum excess of bromine ion necessary to give the mono- 
molecular velocity coefficient, and then varying the bromine-ion 
concentration by the addition of potassium bromide. 


TasBLE IV. 
Cuco;3H = 0°278 g.-mol. per litre. cypr = 0-1010N. K, = 0-110. 


Cxsr (NV). C(HBr+KBr)(V). Kobs- kovs. (1 + 1/K,[Br’]). 
0-000 0-1010 0-468 0-907 
0-050 0-151 0-372 0-908 
0-101 0-202 0-316 0-899 
0-140 0-251 0-274 0-898 
0-202 0-303 0-242 0-883 
0-303 0-404 0-194 0-900 

The value of the constant K, (eqs. 1 and 4) was obtained by 
plotting the reciprocal of the monomolecular velocity coefficient 
against the corresponding bromine-ion concentration, and for this 
it was assumed that all the electrolytes were completely dissociated. 
A good straight line was obtained (compare eq. 4), and from the 
point where this cuts the Br’ axis the value of K, can be deduced. 
The constancy of the numbers in the last column shows that for 
the value of 0-110 for K, the figures agree well with the theory, 
although this is a value considerably higher than that (0-065) found 
by Jakowkin (loc. cit.). 

It was realised that a possible reason for the discrepancy may be 
the assumption made that the electrolytes are completely dis- 
sociated; whereas the activity of the bromine ion varies quite 
considerably over the range of concentration used. Accordingly, 
in the second method of studying the effect of the bromine ion, a 
correction has been made for the activity. Here the concentration 
of the hydrobromic acid was varied and the corresponding mono- 
molecular coefficients were determined. The simple relation that 
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was shown to exist between the effective concentration of the 
hydrogen ion and the velocity of the reaction (Table III) was then 
employed to eliminate the influence of the changing hydrogen-ion 
concentration. 

Table V contains the results of the experiments carried out in 
order to test this method of attack. The second column gives the 
activity coefficients for hydrochloric acid (loc. cit.) which, as before, 
were assumed to be not very different from those for hydrobromic 
acid. The pairs of values of kop;, given in the fourth column are 


TABLE V. 


Cucosn = 0-278 g.-mol. per litre. K, = 0-070. 
8 = kos. @ X Cupr (1 + 1/a X kovs.cur). 


CHBr (N). 


0-0555 
0-1110 
0-1665 
0-2220 
0-2775 


a. 


0-848 
0-820 
0-793 
0-780 
0-771 


a X Cypr(N). 
0-:0471 


0-0911 
0-1320 
0-1730 
0-2140 


kobs: 
1-018 
1.009} 1014 
0-398 
4 408 | 0°398 
\o-211 
0.136 } "140 


0-210 
0-212 
0-092 0.094 


0-143 


a@ X kobs.Cusr- 
0-0478 


0-0362 
0-0280 
0-0242 
0-0201 


8. 
0-0800 


0-0833 
0-0808 
0-0836 
0-0815 


0-096 f 


the results of pairs of experiments under identical conditions. In 
the first of each pair, the initial concentration of bromine was about 
0-010 g.-mol. per litre, whilst in the second it was about 0-005 g.-mol. 


per litre. The mean of each pair (fifth column) was used in the 
subsequent calculations. The activity of the hydrobromic acid is 
given in the third column. The product of this activity and the 
corresponding monomolecular velocity coefficient gives (sixth 
column) the corrected values of kop;. The reciprocals of these 
corrected values were plotted against the activities of the hydro- 
bromic acid, or effective concentrations of the bromine ion, and the 
value of 0-070 for K, was deduced from the resulting straight line.* 
The constancy of the numbers in the seventh column shows that 
for this value of K, the results of the experiments are in good 
agreement with the theory. It is necessary from the point of view 
of this treatment that the activity of the tribromide ion should be 
considered equal to its concentration. This assumption is justified 
by the fact that the concentration of the tribromide ion is always 
low. And further, the two experiments of each pair agreed well 


* If the value of K, is calculated from the results in Table V (as it was 
in the case of the results in Table IV) without introducing the activities of 
the ions, the resulting figure is 0-105. This is in good agreement with the 
value 0-110 obtained from Table IV. 
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with each other in every case, although the initial concentration 
of bromine, and therefore of tribromide ion, was halved in the 
second of the two. For the purpose of accurate comparison with 
Jakowkin’s results (loc. cit.) it was necessary to recalculate, using 
activity coefficients, the value of K, from his figures. He gives no 
results for cases where the concentration of bromine was less than 
0-04 g.-mol. per litre, and the value of the constant tends to increase 
with increasing dilution of the bromine. For this reason, only 
those figures were considered which refer to the most dilute bromine 
solutions, and to concentrations of potassium bromide of the same 
order as those of hydrobromic acid used in the present investigation. 
The activity coefficients for potassium bromide were taken as 
identical with those for potassium chloride (Lewis and Randall, 
op. cit.). The mean value of K,, in terms of the effective concen- 
tration or activity of bromine ion, was then calculated to be 0-048 
as compared with 0-070, the value deduced from the results in 
Table V. It follows that, like those in Table IV, the results in 
Table V agree in giving a figure for K, considerably higher than that 
generally accepted for pure aqueous solutions. 


Summary and Discussion. 


The reaction between bromine and formic acid has been studied 
in dilute aqueous solution, using the Ostwald isolation method. 
It is shown that formic acid is completely oxidised to carbon 
dioxide. The reaction is of the second order, but the rate is retarded 
by the hydrobromic acid produced. From a study of the separate 
effects of the hydrogen and bromine ions, it is deduced that the 
reaction takes place between the formyl ions and free bromine 
molecules, i.e., those molecules of bromine which are not combined 
with bromine ions to give the complex ions Br,’. It is necessary 
to give to the constant for the equilibrium between bromine mole- 
cules, bromine ions, and tribromide ions a value considerably higher 
than that due to Jakowkin. Jakowkin’s experiments, however, 
were performed with concentrations of bromine considerably higher 
than those used in the present investigation, and his constants 
show a regular increase with increasing dilution of bromine. 


THe Batiiot AND TrINITY LABORATORIES, 
OxForD. [Received, August 28th, 1925.] 
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CCCLXXII.—Lactonic Esters derived from Phenacyl 
Bromide by Condensation with Ethyl Sodiomalonate 
and Analogous Substances. 


By Ramont Monwan RAy and JNANENDRA Natu Ry. 


THE primary object of this work, viz., the preparation of ac-sub- 
stituted tetrahydronaphthalenes, was not achieved. 

o-Benzoylbenzoic acid is readily convertible into anthraquinone. 
It was hoped, therefore, that phenacylmalonic ester under suitable 
conditions would pass into a tetrahydronaphthalene derivative. 
In presence of 6% aqueous potassium hydroxide, however, the 
reaction followed another course, the lactone I (R=H) being formed, 
which gave benzoic acid on oxidation. 


OH O 
‘id /N\ 

Ph 0, Et —* Phé oo @) 
HO——CR-CO,Et Ht —OR-00,Et 
(R=H, Me, Et, COMe, CH,Ph, or CHMe,.) 


Lactones of type I were also formed in the reactions between 
phenacyl bromide and the sodio-derivatives of malonic, benzyl- 
malonic, tsopropylmalonic, acetylmalonic, and benzoylmalonic 
esters. Varying quantities of acetophenone also were produced, 
due to reduction of phenacyl bromide. 

Phenacyl bromide, ethyl cyanoacetate, and sodium ethoxide 
reacting in molecular quantities in alcoholic solution gave ethyl 
diphenacylcyanoacetate, (COPh-’CH,),C(CN)°CO,Et, but when dry 
ethyl sodiocyanoacetate (2 mols.) was heated for several hours 
with phenacyl bromide (1 mol.) suspended in dry benzene, a sub- 
stance, m. p. 125—127°, was obtained which is believed to be the 
mono-substitution product. This could not be converted into a 
tetrahydronaphthalene derivative under a variety of conditions. 


ExPERIMENTAL. 


The reactions of phenacyl bromide with the following substances 
were examined. 

With Ethyl Sodiomalonate.—The sodio-derivative (prepared from 
0-7 g. of sodium and 5 c.c. of ethyl malonate) in cooled absolute 
alcohol (30 c.c.) was shaken vigorously with phenacyl bromide 
(6 g.). After 10 minutes, the mixture, now neutral, was poured 
into much water; by extraction with ether, ethyl phenacylmalonate 
was obtained as an oil (8 g.), d 1-2. 

The crude ester was shaken in the cold with 6% potassium 
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hydroxide solution (65 c.c.). The red, semi-solid mass that had 
separated after 12 hours was crystallised from rectified spirit, the 
lactone (I; R=H) of «-carbethoxy-y-hydroxy-y-phenyl-A*-propene- 
carboxylic acid being obtained in colourless needles, m. p. 105° 
(Found: C, 67-6. C,,H,.O, requires C, 67-2%).* 

By keeping the lactone (1 g.) for 12 hours in a minimum of cold 
alcohol saturated with dry ammonia, the corresponding amide, 
C,,)H,0,°CO-NH,, was obtained in long needles, m. p. 153—154° 
after crystallisation from dilute alcohol (Found : N, 7-1. C,,H,O,N 
requires N, 6-9%). 

The lactone (1 g.) was oxidised with N/10-sulphuric acid (50 c.c.) 
and N/10-potassium permanganate (excess) on the boiling-water 
bath. Ether extracted benzoic acid from the product after the 
usual treatment. 

With Ethyl Sodiocyanoacetate—An alcoholic solution of the 
reactants (1 mol. of each) was heated on the water-bath for 4 hour 
and then poured into water. The precipitate formed was removed 
after 12 hours; the filtrate gave nothing to ether. By fractionally 
crystallising the precipitate from 50% alcohol, ethyl diphenacyl- 
cyanoacetate, m. p. 141° (Found: N, 4-3. C,,H,,0,N requires 
N, 4:0%), was obtained together with a small quantity of a sub- 
stance, m. p. 125—127°. 

With Ethyl Acetylsodiomalonate-—Ethyl1 acetylmalonate was pre- 
pared by treating “molecular” sodium (1 atom.) with ethyl 
malonate in ice-cold, dry ether and warming the mixture with acetyl 
chloride (1-25 mols.) at 33° for an hour. The product after decom- 
position with a small quantity of water was shaken with ether. 
The dried extract was fractionated; the portion, b. p. 125—128°/17 
mm., was pure acetylmalonate (yield 60%). 

Ethyl acetylmalonate (4 c.c.) was added to alcoholic sodium 
ethoxide (0-46 g. of sodium in 25 c.c.); the mixture was treated 
with 4 g. of phenacyl bromide and, after a few minutes, warmed 
at 50—55° for } hour. Ether extracted from the product, diluted 
with water, the lactone (I; R=CO-CH,) of ethyl «-acetyl-y-hydroxy- 
y-pheny1-A®-propenecarboxylic acid, which crystallised from alcohol 
and ether in needles, m. p. 135—136° (Found: C, 65-6. C,,H,,0; 
requires C, 65-7%). 

As ethyl acetylmalonate is easily decomposed into ethyl] aceto- 
acetate by alkali, the compound, m. p. 119—120°, prepared from 
phenacyl bromide and ethyl sodioacetoacetate was compared with 
the preceding lactone; it depressed its m. p. 

With Ethyl Sodioethylmalonate—The reaction was carried out as 


* The humidity of the air (ca. 80%) made determinations of hydrogen 
almost impossible. 
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in the case of ethyl sodiomalonate. The lactone produced (I; R=Et) 
crystallised from alcohol in needles, m. p. 134—135° (Found : C, 69-3. 
C,;H,,0, requires C, 69-2%). 

With Ethyl Sodiobenzylmalonate-—The lactone (I; R=CH,Ph) 
obtained crystallised from alcohol in flat needles, m. p. 125° (Found : 
C, 73°8; H, 6-2. C.9H,,0, requires C, 74:5; H, 5-6%). 

With Ethyl Sodioisopropylmalonate—The constituents in mole- 
cular proportions were boiled in alcoholic solution on the water- 
bath for 1 hour. The product, on dilution with water, deposited 
the lactone (I; R=CHMe,), which crystallised from alcohol in 
needles, m. p. 151° (Found: C, 69-7; H, 6-5. C,,H,,0, requires 
C, 70-1; H, 6-5%). 


Our thanks are due to Sir P. C. Ray for his interest in this work. 


CoLLEGE OF SCIENCE, CALCUTTA. [Received, September 3rd, 1925.] 


CCCLXXIII.—Equilibrium in the System: 
CH,'CO:0-CH, + H,O = CH,OH + CH,°CO-OH. 


By GrEorGE JosEPH BuRROwS. 


From the results of experiments on the rate of hydrolysis of methyl 
acetate by acids in the presence of various amounts of water and 
acetone it appeared that the equilibrium between the ester, water, 
alcohol, and acetic acid varied considerably. Jones and Lapworth 
(J., 1911, 99, 1427) have shown that the equilibrium constant of 
ethyl acetate varied between 6 and 9 for solutions containing hydro- 
chloric acid, in which the ratio of molecules of water to hydrogen 
chloride varied from 6-2 to 4-6. In the case of methyl acetate, 
Berthelot and Péan de St. Gilles (Ann. Chim. Phys., 1863, 68, 225) 
found that if equivalent quantities of acetic acid and methyl 
alcohol were mixed, 67-5% of each had combined at equilibrium, 
from which result K = 4-31. The value obtained from Mens- 
chutkin’s results (Annalen, 1879, 195, 334) is K = 5:18, whilst 
Worley (Proc. Roy. Soc., 1912, A, 87, 582) deduced the value 6-6 
by extrapolation for a solution containing no added catalyst. 
Results are now given for the value of K for solutions containing 
relatively low concentrations of water, and the effect of diluting the 
system with various quantities of water, methyl alcohol, and acetone 
has been studied. The acetone was added with the intention of 
diluting the system with a substance not participating in the reaction. 
Special precautions were taken to dehydrate the alcohol, ester, and 
acetone. It has been found that the value of K is dependent not 
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only on the ratio [H,O]: [HCl], but also on the amount of methyl 
alcohol or acetone present in the solution. Only for solutions con- 
taining a large excess of methyl alcohol is K in the neighbourhood 
of 4: in all other cases it is considerably greater. For solutions 
containing approximately equal amounts of water and ester, in 
which the ratio of molecules of water to hydrogen chloride is not 
greater than 7 to 1, K is greater than 12. As the amount of water 
relative to hydrogen chloride is increased, the equilibrium constant 
decreases, approaching 7 as the limiting value for a solution in 
which the ratio [H,O]: [HCl] is about 1000. The value of K is also 
decreased by the addition of acetone to the solution, the effect being 
smaller than that observed when the system is diluted with excess of 
water. 

A considerably greater effect is observed when the system contains 
a large excess of methyl alcohol. Thus for a solution in which the 
ratio [HCl] to [H,O] to [CH,°OH] was 1 to 7-8 to 2-2, K was 11-92, 
whereas the values 5-87 and 4:34, respectively, were obtained for 
solutions in which the ratios were 1 to 9-6 to 32-6 and 1 to 625 to 
2639. 

This displacement of the equilibrium by hydrogen chloride 
indicates that the latter alters the activity of one or more of the 
reactants so that the total concentrations of water, methyl acetate, 
acetic acid and methyl alcohol found at equilibrium in the usual 
way are in reality not the concentrations actually participating in 
the equilibrium. At present it is not possible to state what fraction 
of each of the substances is rendered inactive in this way, but 
the results recorded here are capable of explanation by such a 
theory. Itis now definitely established that in a solution of hydrogen 
chloride in water, only a portion of the hydrogen chloride and water 
molecules are in an active condition. Thus from electromotive- 
force or vapour-pressure measurements of a series of such mixtures 
one can calculate the activity of water in the presence of different 
amounts of hydrogen chloride. The figures in the seventh column 
in Table I, taken from the results of Dobson and Masson (J., 1924, 
125, 671), represent the fraction of the water molecules in each 
particular solution that are in the active condition. The figures in 
the eighth column are obtained by multiplying K by the “ water 
activity ’’ in each case, and it will be seen that these numbers are 
constant and equal to about 7. This would indicate that the con- 
centration of water participating in the equilibrium is the same as the 
active concentration found from vapour-pressure measurements. 
Furthermore, the constancy of this product points to the fact that, 
for the particular concentrations in this series, the effect of the 
hydrogen chloride on the equilibrium constant is due almost entirely 
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to its effect on the activity of the water. There can be no doubt 
that the catalyst affects to some extent the activity of the other 
reactants, but it would appear from these results that this effect is 
negligible in comparison with the effect on the water, or else the 
individual effects on the ester, alcohol, and acetic acid neutralise 
one another or have a constant value in these cases. 

Figures are not available for the effect of hydrogen chloride on 
the activity of these three substances. McBain and Kam (J., 1919, 
115, 1332) have recorded results for the vapour pressures of mixtures 
of water and acetic acid at the boiling point, with and without the 
addition of neutral salts. These authors concluded from their 
results that “‘ many salts enhance the partial vapour pressure of 
acetic acid in aqueous solution by very appreciable amounts. The 
undissociated acid must be regarded as exhibiting enhanced chemical 
potential in the presence of such salts.’’ The increase in the partial 
pressure is proportional to the concentration. 

The results given in Tables VI and VII can be explained, at least 
qualitatively, on the assumption that the addition of hydrogen 
chloride to an aqueous solution of acetic acid has an effect on the 
activity of the molecules of the latter similar to that resulting from 
the addition of a neutral salt. The addition of a large excess of 
methyl alcohol to the system under discussion results in a marked 
decrease in the value of K. But an increase in the concentration of 
methyl alcohol relative to hydrogen chloride corresponds to a decrease 
in the concentration of acetic acid relative to hydrogen chloride, 
1.e., to an increase in hydrogen chloride relative to acetic acid. The 
observed decrease in K with increasing alcohol concentration can 
thus be explained on the assumption that it results from an increase 
in the activity of the acetic acid under these conditions. At present 
it is not possible to treat the subject quantitatively, but experiments 
are now in progress from which it is hoped to determine the actual 
effect of hydrogen chloride on each of the reactants in a system 
such as this. 

EXPERIMENTAL. 


Freshly distilled methyl acetate mixed with the desired quantity 
of water and hydrochloric acid was kept for 2 or 3 days in a stoppered 
flask, until the mixture had become homogeneous. The weight 
of hydrogen chloride in a given weight of the acid used was previously 
determined. Small quantities of this stock solution were then mixed 
with various amounts of water, acetone, methyl alcohol, or methyl 
acetate, and sealed in hard glass tubes which had previously been 
steamed and dried. All quantities of the different liquids were 
weighed. The liquids used were purified and dehydrated by 
suitable means and their purity was ascertained by boiling point 
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and density determinations. The acetone and methyl alcohol 
were dehydrated with metallic calcium. The methyl acetate was 
freed from acid by means of sodium carbonate and dehydrated with 
calcium chloride. It was then distilled, the middle portion of the 
distillate being used in these experiments. A sample treated in 
this way was hydrolysed with barium hydroxide solution, and the 
amount of methyl acetate found was 99-7% of the theoretical. 

The tubes containing the different solutions were kept in a 
thermostat at 25-0° for different intervals of time, varying from 2 
to 10 weeks, according to the amount of hydrochloric acid present. 
The tubes were then opened under neutral sodium acetate solution, 
and the amount of acetic acid was determined by titration with 
barium hydroxide solution. Blank experiments were performed 
which showed that the solutions had no determinable effect on the 
glass tubes. ; 

The figures given in the following tables represent the number of 
gram-molecules of the different substances present at equilibrium. 
The values of the equilibrium constant were calculated from the 
equation K = [AcOMe][H,0]/[AcOH][MeOH]. 

The effect of hydrogen chloride on the equilibrium constant is 
shown by the results in Table I. For the first four experiments, in 
which the amount of water was comparatively small, K is much 


larger than is the case for the solutions for which the ratio [H,O] : [HCl] 
was high. As stated above, the products of these high values of 
K and the “ water activity ’ are approximately constant. 


TABLE I. 


[AcOH]= Water 
[HCl] [AcOMe] [H,O] [MeOH] [H,0]. activity, 
x10. x10. x 10% x 10% [HCl K. a. 
5-57 84-86 31-14 14-36 6-82 12:82 0-525 
4-245 44-57 31-84 10-80 750 1217 0-56 
4-49 34-10 34-74 9-935 7-74 1201 0-57 
4-59 34-00 35-96 10-13 7-83 11:92 0-58 
4-53 24-81 135-7 19-65 30-0 8-72 
5-01 2:76 261-6 9-565 62-2 7-89 
0-446 32-44 36-8 12-33 82-5 7-85 }* 
0-444 25:14 113-6 19-40 255-9 7-59 
00576 19-65 27-80 8-667 482-7 7:27 


* Accurate figures for the value of the “‘ water activity ” in dilute solutions 
are not available, but by interpolation from the other values the activity 
in these five cases is found to vary from about 0-9 to 1. The product K x 
“‘ water activity ’ for these dilute solutions is therefore approximately 7. 


In the next series of experiments the effect of diluting the system 
with acetone was studied. The results are in Tables II, III, 
and IV. 


CH,-CO-0.CH,+H,0 => CH;-OH+0H;-00-0H. 


TABLE II. 


[HCl] [AcOMe] [H,0] [AcOH]=[MeOH] [Me,CO] 
x10. %«10. x 10% x 10°. x 10°. K. 
4-49 34-10 34-74 9-935 a 12-01 
4:53 34-34 35-00 10-17 8-00 11-63 
4-48 33-78 34-44 10-14 21-1 11-32 
4-48 33-64 34-30 10-31 53-7 10-85 
4-49 33-61 34:27 10-43 79-7 10-60 
1:34 9-85 10-05 3°147 106-0 9-99 


The ratio [H,O]: [HCl] is nearly constant throughout the above 
series and is equal to 7-7. 


TaBLeE ITI. 


[HCl] [AcOMe [H,O] [AcOH]=[MeOH] [Me,CO] 
x 10% x 10% x 10% x 10°. x 10°. K. 
4-59 34-00 35-96 10-13 — 11-92 
4:59 33-86 35-83 10-32 14-3 11-4 
4:54 33-25 35-18 10:43 30:0 10°75 
4-49 32-81 34-74 10-38 53-4 10-58 


Although the results in these two tables are very similar, they 
represent two distinct sets of experiments, the solutions being 
prepared from entirely different samples. 


TaBLeE IV. 


[HCl] [AcOMe] [H,O] [AcOH]=[MeOH] [Me,CO] 
x 10% x 10°. x 1. x 10° x 10% 
0-446 32-44 36-80 12-33 
0-444 32-21 36-57 12-33 
0-391 28-28 32-12 10°91 
0-446 32-12 36-47 12-64 
0-446 32-02 36-40 12-75 
0-444 31-82 36-18 12-79 
0-445 31-82 36-19 12-83 


The ratio [H,O] : [HCl] in this case is 81. 

The results in these three tables show that the presence of 
acetone decreases the value of the equilibrium constant, but when 
the ratio [H,O]: [HCl] is low the effect is less than that caused by 
the addition of the same number of molecules of water to the system 
(Tables II and III), whereas it is apparently greater in the case of a 
solution in which there is a great excess of water over hydrogen 
chloride (Table IV). In the former case, a solution containing 7-7 
molecules of water and 79 of acetone to 1 of hydrogen chloride gives 
a value for K equal to 10, whereas a solution containing 86 molecules 
of water to 1 molecule of the acid would have a value of 7-8. In the 
latter case, however, the value for a solution containing 80 molecules 
of water and 106 of acetone to 1 of hydrogen chloride is less than that 
for a solution containing 186 molecules of water. 
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The effect of increasing the concentration of methyl acetate is 
shown by the resultsin Table V; XK increases slightly with increasing 


concentration of ester. 


TABLE V. 
[HCl]  [AcOMe] [H,0] [AcOH]=[MeOH] 
x 10°. x 16. x 10°. x 10°. - 
4-59 34-00 35-96 10-13 11-92 
4:25 44-57 31-84 10-80 12-17 
4-64 64-61 33-42 13-22 12-36 
4-56 79-88 31-61 14-08 12-74 


The effect of adding methyl alcohol to the system is shown by the 
results in Tables VI and VII. 


Taste VI. 
[HCl] [AcOMe] [H,0O] [MeOH] [AcOH] 
x 10. x 10% x 10% ™%« 10% x 10% [MeOH]:[HCl]. K. 


4-59 34-00 36+ 96 10-13 19-13 2-2 
4-57 38-45 40-37 33-57 5-51 73 
4-59 40-34 42-30 63-16 3°794 3:8 
4-60 42-13 44-08 149-4 2-118 2-6 


In this series the ratio [H,O] : [HCl] increases from 7-7 to 9°6. 


TABLE VII. 
[HCl] [AcOMe] [H,0] [MeOH] [AcOH] 
x 10. x 10. x 10% »% 10% x 10% [MeOH]:[HCl]. K. 
00576 19:65 27-830 8667 8-667 150-5 7:27 


0-0576 26-03 34-22 79-20 2-418 1375 4-65 
0-0576 27-63 36:02 152-0 1-51 2639 4-34 


In this series the ratio [H,O] : [HCl] increases from 483 to 625. 

The usually accepted value for the equilibrium constant was 
found only in the last two experiments of this particular series. It 
is concluded, from the results given in the last column of Table I, 
that the true equilibrium constant corrected for the effect of hydrogen 
chloride is 7, and that the low results given in Table VII are due to 
the effect of the hydrogen chloride on the acetic acid, just as the 
high values of K in Table I are attributable to its effect on the 


activity of the water. 


The author is indebted to the McCaughey Research Fund Com- 
mittee for a grant to defray the expense of this investigation. 
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CCCLXXIV.—Synthesis of 2:3:5 (or 2:3:4)-T7i- 
methyl Glucose.* 


By James CoLquHoun Irvine and JoHN WALTER HYDE 
OLDHAM. 


ReEcEnT developments in the constitutional study of carbohydrates 
demand that, from time to time, the structure of the simple methyl- 
ated sugars utilised as reference compounds in such work should 
be brought under review. In the present case, we have selected 
2:3: 5-trimethyl glucose for further examination, as this sugar 
is the key to the constitution of both maltose and 8-glucosan, and 
acquires further importance in connexion with the chemistry of 
starches. Obviously the significant feature of this particular form 
of trimethyl glucose is the non-reducing hydroxyl group, as the 
identification of its position indicates the linkage of the two glucose 
residues in maltose and also the attachment of the anhydro-ring 
in B-glucosan. In order to give a clear view of the present position, 
it may be recalled that 2 : 3 : 5-trimethyl glucose was first obtained, 
in the form of the corresponding methylglucoside (Purdie and 
Irvine, J., 1903, 83, 1021; Purdie and Bridgett, ibid., 1037) by 
methylating methylglucoside in the presence of excess of methyl 
alcohol. The free sugar was also studied by the above workers, 
who converted it into 2 : 3 : 5 : 6-tetramethyl! glucose and tentatively 
ascribed to it the structure still in use. Their views were after- 
wards supported by Irvine and Dick (J., 1919, 115, 593), who 
showed that, on oxidation by nitric acid, the sugar is converted 
into a trimethyl saccharo-lactone. This observation was con- 
firmed by Haworth and Leitch (ibid., 809), who isolated the same 
sugar from fully methylated maltose, and by Irvine and Oldham 
(J., 1921, 119, 1744) in studying the structure of §-glucosan, 
Although there seemed no reasonable doubt that the methylated 
glucose in question was correctly formulated, the evidence obtained 
by subjecting sugars to the oxidising action of nitric acid should 
not be accepted as final so long as other and more diagnostic tests 
are available. The divergent results obtained by Irvine and Hogg 
(J., 1914, 105, 1386) and by Levene and Meyer (J. Biol. Chem., 
1922, 54, 805) in oxidising monomethyl] glucose by means of nitric 
acid may be quoted in illustration of this point. 

The constitution of 2:3: 5-trimethyl glucose has now been 

* In a letter to Nature, 19th September, 1925, Haworth states that he 
has obtained evidence leading to the conclusion that normally the oxidic 
ring in glucose couples positions 1 and 5. Should this be substantiated, the 


methylated glucose which forms the subject of the present communication 
should be indexed as 2: 3 : 4-trimethyl glucose. 
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confirmed by the following synthetical scheme, which was designed 
to produce a methylated glucose with unsubstituted hydroxyl 
groups definitely in the terminal positions 1 and 6. 

Stage I. Triacetyl glucosan was converted by Karrer’s process 
into triacetyl dibromoglucose, identical with that previously 
obtained by Fischer from penta-acetyl glucose. 

Stage II. The above dibromo-derivative, when treated with 
methyl alcohol in the presence of silver carbonate, gave triacetyl 
methylglucoside bromohydrin, and the subsequent reactions were 
therefore designed to replace acetyl by methoxyl and thereafter to 
introduce the hydroxyl group in place of bromine. 

Stage III. The acetyl groups were removed by the action of 
alcoholic ammonia, giving methylglucoside bromohydrin. It may 
be mentioned that, although the physical constants were other- 
wise in good agreement, the melting point of this compound was 
found to be several degrees higher than that quoted by Fischer. 

Stage IV. Methylation of methylglucoside bromohydrin under 
conditions which would have the minimum effect on the bromine 
atom was achieved by the silver oxide reaction and gave a mixture 
of (a) trimethyl methylglucoside bromohydrin (80%) and (b) the 
corresponding enolic anhydride (20%). From this mixture, pure 
trimethy] methylglucoside bromohydrin was isolated. 

Stage V. The above compound, when heated at 150° with 
alcoholic potassium acetate, gave a 72% yield of pure crystalline 
trimethyl $-methylglucoside identical with that obtainable from 
the form of trimethyl glucose which is the subject of the investig- 
ation. This result supplies the evidence required. 

In the glucoside finally obtained, the hydroxyl group occupies 
the position of the bromine atom in triacetyl methylglucoside 
bromohydrin. As Fischer succeeded in reducing the latter to 
triacetyl methylisorhamnoside (Ber., 1912, 45, 3761), the group 
is therefore in the 6-position. In consequence, the methyl groups 
in the corresponding sugar must be in positions 2, 3, and 5, 
Although we are unwilling to attach undue importance to colour 
tests, the proof is strengthened by the following considerations. 
In the glucose molecule positions 1, 2, 3, and 5 are occupied by 
secondary alcohol groups, and the only primary alcohol group is 
in the 6-position. If, therefore, the vacant hydroxyl group in a 
trimethyl methylglucoside is primary, the corresponding nitro- 
derivative should give a red colour by Meyer’s test; otherwise a 
blue solution will result. Trimethyl methylglucoside bromohydrin 
was therefore converted into the corresponding iodohydrin, which 
was transformed with some difficulty into mononitro-trimethyl 
methylglucoside. This, on treatment with nitrous acid, gave, as 


SYNTHESIS OF 2:3:5 (oR 2:3:4)-TRIMETHYL GLUCOSE. 2731 


expected, the characteristic red colour similar to that obtained 
from nitromethane. 

In verification of our former work on 8-glucosan we have repeated 
the conversion of this anhydroglucose into trimethyl glucose and 
subjected the sugar to the following successive operations : 

I. Acetylation, giving trimethyl glucose diacetate. 

II. Bromination, by the action of hydrogen bromide in glacial 
acetic acid, giving trimethyl acetyl glucose bromohydrin. 

III. Action of sodium methoxide, giving trimethyl ®-methyl- 
glucoside. 

The methylated glucoside finally isolated was identical with that 
obtained in the synthetical processes already synopsised, thus 
confirming that 8-glucosan is 1: 6-anhydroglucose. In order to 
render the scheme of reactions intelligible the various changes 
involved in the two alternative methods of producing 2:3: 5-tri- 
methyl methylglucoside may be represented structurally : 


I. From Penta-acetyl Glucose or from Triacetyl Glucosan. 
> CHBr --CH-OMe 
O CH: OAc (6 GH-OAc 
Penta-acetyl | CH: OAc | CH: Gi. 


glucose or 5 . 
Triacetyl LOH LOH 


glucosan ‘HH: OAc \H: OAc 
Stage I. H,Br Stage II. CH,Br 

--CH-OMe -CH-OMe -CH-OMe 
if (H-OH CH-OMe | CH-OMe 
) (HOH ? CH-OMe O¢ (H-OMe 

H 80% Bor oat” /H 
“Yio CH: ‘OMe CH: OMe 
Stage III. CH,Br Stage IV. CH,Br Stage V. CH,-OH 

II. From Glucosan. 

-cH—— CH — CH-OH 
6 VH-OH CH: OMe if /H-OMe 
Lt a Le OMe | _» ie OMe 
3 OH CH-OMe | ‘A: OMe 
a.—— ci, H,OH 
r-CH-OAc >-CHBr --CH-OMe 
b ‘H-OMe Son OMe com 
ya OMe ~ OMe H-OMe 
“ OMe i CH: OMe JH-OMe 
H,-OAc CH,-OAc H,OH 


> Lt ae 
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The collective results may be compressed into the statement that 
dibromotriacetyl glucose, maltose, and glucosan are all convertible 
into the same form of trimethyl glucose. 

We are engaged in attempts to synthesise other partly methy]l- 
ated sugars and, the isomeric distinction between 2:3: 5- and 
2:3: 6-trimethyl glucose having now been established, the results 
will be utilised in forthcoming papers from this laboratory. 


EXPERIMENTAL. 


The following account of experimental procedure is limited to 
the synthetical reactions described in the introduction. Other 
reactions to which reference is made were carried out by methods 
which are now standardised, and their description is therefore 
omitted. 

Triacetyl Dibromoglucose from Triacetyl B-Glucosan.—The method 
recommended by Karrer (Helv. Chim. Acta, 1922, 5, 124) was 
adopted, minor variations being introduced, as the reaction, which 
is most successful when small quantities of material are manipul- 
ated, requires careful control. Triacetyl 6-glucosan (in lots of 5 g.) 
was heated on a boiling water-bath with phosphorus pentabromide 
(8-5 g.), the flask being fitted with a ground-in condenser. When 
effervescence had nearly ceased, the contents were poured into 
finely-crushed ice and thoroughly disintegrated by a glass rod. 
Similarly, the residue in the flask was mixed as rapidly as possible 
with small pieces of ice until all halides of phosphorus had been 
destroyed. Rise of temperature must be avoided in these operations. 

The fine white powder resulting from several experiments was 
united, washed with water until free from phosphoric acid, and 
thereafter with absolute alcohol until the washings were nearly 
colourless. Purification was effected by dissolving in a small 
quantity of chloroform and precipitating with light petroleum. 
The yield of crystalline product (m. p. 173°), including the material 
obtained from the mother-liquors, averaged 50°% of the theoretical 
amount. As the rotation of the compound does not appear in the 
literature, the following values were determined : 


Solvent. i [a]p- 


Chloroform . +189-9° 
Glacial acetic acid . +185-9 


Conversion of Triacetyl Dibromoglucose into Triacetyl Methyl- 
glucoside Bromohydrin.—This reaction was carried out exactly as 
described by Fischer (Ber., 1902, 35, 857; 1920, 53, 873), the 
yield of glucoside being nearly quantitative; after recrystallisation 
from absolute alcohol, the product melted at 126—127°. As in 
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this case also no optical data appear to have been published, the 
specific rotation in the following solvents was determined : 


Solvent. ” [a]p- 
Chloroform . —1-4° 
Methyl alcohol . —3-1 
Glacial acetic acid . —2:7 


Methylglucoside Bromohydrin.—The acetylated methylglucoside 
bromohydrin obtained as above was dissolved at room temperature 
in methyl alcohol containing 5—10°% of ammonia so as to form 
a 5% solution. It is unnecessary to saturate the liquid with 
ammonia as stated by Fischer and the use of a dilute solution 
enables the end-point of the reaction to be determined polari- 
metrically. When the specific rotation had diminished to — 19-3°, 
the product was isolated by evaporating to dryness and extracting 
with chloroform to remove acetamide. The yield of crude bromo- 
hydrin was nearly quantitative, and after recrystallisation from 
ethyl acetate, the compound melted and decomposed at 153—154° 
in place of 148° as quoted by Fischer. In aqueous solution, under 
conditions identical with those used by Fischer, the specific rotation 
was — 33-6°, the literature value being — 34-9°. 

Tribenzoyl methylglucoside bromohydrin has no direct bearing 
on the main investigation, but reference may be made to it. The 
normal procedure was followed, the bromohydrin being acted on 
by a slight excess of benzoyl chloride dissolved in pyridine. The 
product was brought into solution in a minimum of glacial acetic 
acid, and the pure tribenzoate precipitated by addition of absolute 
alcohol : m. p. 160—162°; [«]p in chloroform — 5-0° for c = 2-413; 
needles, insoluble in water and light petroleum, and readily soluble 
in organic solvents with the exception of alcohol and ether. 

Trimethyl Methylglucoside Bromohydrin.—For the particular 
object in view, alkylation by silver oxide and methyl iodide is the 
only method applicable to methylglucoside bromohydrin. The 
usual procedure was followed, methyl alcohol being added during 
the first methylation. After four successive treatments, the refrac- 
tive index was constant and the liquid product was distilled, a 
mobile syrup being obtained (b. p. 140°/1 mm.; mp 1-4720; [a]p 
in methyl alcohol — 20-5° for c= 1). Examination showed that 
at least two compounds were present, one of them containing no 
bromine. This constituent was present to the extent of 20% 
and was evidently dimethyl anhydromethylglucoside (Found : 
C, 42-7; H, 6-7; OMe, 41-7; Br, 21-3. Calc. for trimethyl methy]l- 
glucoside bromohydrin, C, 40-1; H, 6-35; OMe, 41-4; Br, 26-7%. 
Cale. for a mixture of 80% of the above with 20% of trimethyl 
anhydromethylglucoside, C, 42:7; H, 6-6; OMe, 42-2; Br, 21-3%). 


2734 SYNTHESIS OF 2:3:5 (oR 2:3: 4)-TRIMETHYL GLUCOSE. 


The close agreement with the experimental figures, particularly 
the result of bromine determinations, confirms the composition 
ascribed to the mixture. The constituents were separated by 
solution in ether and repeated extraction with water, a process 
which completely removed dimethyl anhydromethylglucoside. 
After evaporation of the ether the residual syrup was fractionated 
in a high vacuum, giving a liquid distillate which slowly crystallised. 
Owing to the ready solubility of the compound in all solvents with 
the exception of water, no suitable recrystallising medium could 
be found but, after spreading on a tile, the crystals were hard 
and crisp: m. p. 24°; np 1-4735; [a]p in acetone — 5-8° (c = 3-851), 
in methyl alcohol — 4-7°, in benzene — 7-7°, in chloroform — 3-5° 
(Found: C, 40:3; H, 6:3; OMe, 41:3; Br, 27-2. Trimethyl 
methylglucoside bromohydrin requires C, 40-1; H, 6-35; OMe, 
41-4; Br, 26-7%). 

Hydroxylation of Trimethyl Methylglucoside Bromohydrin.—Pre- 
liminary experiments having shown that both aqueous and alcoholic 
sodium hydroxide react with the bromohydrin, eliminating hydrogen 
bromide and giving unsaturated derivatives, the hydroxylation 
was effected by means of potassium acetate. A 3% solution of 
the bromohydrin in methyl alcohol was heated with excess of 
potassium acetate at 150° for 3 days, during which the levorotation 
increased greatly. The crude product, on isolation in the usual 
manner, was obtained in nearly quantitative amount but was 
contaminated with an unsaturated impurity. On keeping, how- 
ever, the syrup solidified and, after draining on a tile and recrystallis- 
ing from light petroleum, a 72% yield of pure trimethyl 8-methyl- 
glucoside was obtained in characteristic crystals. The melting 
point was 93—94°, a value which was unaffected when the material 
was mixed with an authentic specimen of the compound. The 
specific rotation also was in close agreement ([«]p in chloroform 
— 11-9° for c = 1-084). It was ascertained that owing to the 
alkalinity of potassium acetate the above hydroxylation was 
accompanied by a side-reaction giving rise to an unsaturated 
compound; this is being further examined. 

Trimethyl Methylglucoside Iodohydrin.—The general method 
described by Finkelstein (Ber., 1910, 43, 1528) was employed, a 
solution of trimethyl methylglucoside bromohydrin in acetone 
being heated at 100° for 6 hours with twice the theoretical amount 
of sodium iodide. After removal of the acetone, the residue was 
extracted several times with ether and the united extracts were 
washed with aqueous sodium thiosulphate solution, allowed to 
stand over sodium sulphate, and evaporated to dryness. The 
product crystallised readily in needles and, when drained on a tile, 
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melted at 31—34°. Owing to the excessive solubility in all solvents 
except water, no recrystallising medium could be found, but the 
compound was evidently pure (Found: OMe, 36-1; I, 36-5. Calec., 
OMe, 35-8; I, 36-7%; mp 1-4992; [«]p + 8-6° in chloroform for 
c = 3-637, + 4:1° in acetone for c = 3-897, and + 6-5° in methyl 
alcohol for c = 4-221). 

Trimethyl methylglucoside iodohydrin was converted into the 
corresponding nitro-compound by heating with dry silver nitrite 
at 100° for 2 days. After distillation under diminished pressure 
the nitro-derivative was isolated in the form of the sodium salt 
by the addition of the calculated amount of sodium methoxide 
dissolved in methyl alcohol. On removal of the solvent, the 
salt was dissolved in dilute sulphuric acid, and the solution extracted 
with ether. After being washed with sodium thiosulphate solution 
to remove a trace of iodine, the ethereal layer was dried and evapor- 
ated, and the mononitro-trimethylglucoside isolated by distillation 
as a colourless syrup (”p 1-4603). Beyond checking the methoxyl 
content (Found: OMe, 46-4. Calc., OMe, 46-7%), the compound 
was not fully analysed, as it was prepared solely for the purpose 
of carrying out the colour test with sodium nitrite and dilute 
sulphuric acid. This treatment gave a bright red solution, free 
from any shade of blue and, whilst the colour was not so intense 
or so lasting as that obtained under parallel conditions with nitro- 
methane, the result was characteristically positive. 


The thanks of the authors are due to the Carnegie Trust for a 


Fellowship which has enabled one of them to take part in the 
work, 


UniITEp CoLLEGE or St. SALVATOR AND St. LEONARD, 
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CCCLXXV.—Glycerol Glucoside. 
By HeLen Simpson GiLcuRist and CLirrorRD BurrouGH PuRVES. 


Few condensation reactions between reducing sugars and poly- 
hydric compounds of simple type have been studied, possibly owing 
to the difficulty of producing such compounds and of purifying 
them when formed. As, in the case of glucose and glycerol, con- 
densation leads to a type of compound which may be regarded as 
analogous to a carbohydrate fat and is of physiological interest, 
we have taken up the investigation of this subject. 

Glycerol glucoside, which was originally described by Fischer 
(Ber., 1894, 27, 2483), has now been obtained on the large scale 
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by an improved process. The older method, involving as it does 
the saturation of a glycerol solution of glucose with hydrogen 
chloride, is tedious, but the same compound is more readily obtained 
by limiting the acid concentration to 0-25% and heating at 100°. 
The product in each case is a syrup possessing the properties of a 
glucoside, but no information bearing on the composition or struc- 
ture of the compound has hitherto been available, and it was 
unknown to which type the glucose residue belongs or to which 
part of the glycerol molecule it is attached. These questions have 
been solved by methylation, which yielded hexamethyl glycerol 
glucoside as a colourless, volatile liquid, b. p. 190—192°/12 mm. 
Hydrolysis thereafter yielded 2:3:5:6-tetramethyl glucose 


Fia. 1. 
3 Grams of glucose dissolved in 80 c.c. of glycerol. 
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together with a dimethyl glycerol which was shown to be «f-di- 
methoxy-y-hydroxypropane. From these results, the constitution 
of the parent glucoside is established to be: 
CH,(OH)-CH(OH — (OH)-CH(OH é wae eee hee : 
O 

The compound, as prepared, is a mixture of «- and §$-forms and 
the optical values determined on hydrolysing the methylated 
derivatives show that glycerol y-glucosides were present only in 
small amount, the limits in different preparations being 1-95 and 
0-93%. The research was accordingly extended by varying the 
conditions of condensation, the changes in rotation which take 
place when glucose is dissolved in glycerol containing hydrogen 
chloride being utilised to study the reaction. The concentration of 
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the sugar in no case exceeded 6°% by weight of the glycerol employed 
and solutions containing more than 3% by weight of the acid were 
not examined. These limitations were found to be necessary, as, 
when exceeded, the high viscosity or the depth of colour resulting 
made polarimetric observations uncertain. For the same reason 
the experiments were carried out at room temperature. 

In Fig. 1 the rotations observed for the condensation of glucose 
with glycerol are plotted against time. An unexpected feature, 
which comes to light, is that the minimum rotation does not appear 


Fic. 2. 
Solutions contain 80 c.c. of glycerol and 1°5 grams of hydrogen chloride. 
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to depend on the amount of hydrogen chloride present. The 
reaction product in each case was the glycerol glucoside described 
above, as shown by the identical behaviour on methylation and 
subsequent hydrolysis. It was also found that on long standing 
the optical activity of an acid solution of glucose in glycerol reverts 
approximately to its original value, apparently owing to the con- 
densation being reversed as a result of secondary reactions between 
the solvent and the acid. The slow speed of the condensation led 
to the investigation being extended to cases where glucose and 
fructose were dissolved in acid glycerol with the view of ascertaining 


if, under these conditions, the two sugars combined in whole or in 
VOL. CXXVII. 4¥ 
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part. In this connexion it was necessary to perform a series of 
control experiments with solutions in glycerol of fructose alone. 
In A (Fig. 2) the specific rotation of fructose dissolved in glycerol 
containing 1-5% of anhydrous hydrogen chloride is plotted against 
time; the behaviour of glucose under the same conditions is shown 
in B (Fig. 1), while in C the ordinates are the algebraic mean of 
the corresponding ordinates in A and B. The latter curve predicts 
the behaviour of solutions containing both glucose and fructose, 
assuming that the sugars do not react with each other, and the 
actual experimental observations are summarised in D. The 
values obtained tend to be more levorotatory than the calculated 
values, and this was general for all concentrations of the acid reagent 
employed. Eventually it was found that this discrepancy was due 
to the varying quantities of water formed by the condensation of 
thesugars with the solvent and to the effect this produced in the 
optical activity of fructose solutions. E records the observations 
made on a solution of fructose in glycerol which had not been 
rendered anhydrous, whilst in the experiment represented by F 
the amount of water has been reduced by restricting the total 
concentration of sugars present in the solution to 3%. The close 
agreement of F with C indicates that, under the experimental 
conditions outlined, the behaviour of glucose is not affected by 
the presence of fructose. This conclusion was supported by the 
results obtained from an estimation of the reducing power of the 
above systems. For concentrations of the sugars up to 3% by 
weight, the percentage loss in reducing power was found to be 
independent of the concentration. It therefore follows that, in a 
solution containing both sugars, condensation of one sugar with 
the other will cause the total reducing power of the mixture to be 
less than the sum of the reducing powers of the individual sugars. 
No such diminution was recorded, although the degree of accuracy 
was such that condensation even to the extent of 5% would have 
been readily detected. Taking the combined results into con- 
sideration, it is unlikely that glucose or fructose can combine in 
hydroxylic solvents or that reactions involving the condensation 
of glucose and glycerol play a part in natural processes. 

As already indicated, it has proved necessary for the purposes of 
the research to ascertain which isomeric form of dimethyl glycerol 
is produced when hexamethyl glycerol glucoside i is hydrolysed, and 
it became evident that the complete series of methylated glycerols 
should be standardised in view of future work in natural glycerides. 
The processes developed in this laboratory for determining the 
constitution of carbohydrates are equally applicable to the struc- 
tural problems of the natural fats, including the mixed glycerides. 
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Methylation of partly hydrolysed fats followed by hydrolysis should 
give partly methylated glycerols the constitution of which would 
lead directly to that of the parent compound. As «-methyl glycerol 
has already been fully described (J., 1915, 107, 337), this compound 
has not been re-examined, but we have prepared «f-dimethyl 
glycerol by the action of sodium methoxide on allyl alcohol dibromide 
and determined the constants of the pure liquid. In order further 
to characterise the compound, it has been used as a solvent in 
which the specific rotation of active solutes was determined. As 
an additional method of identifying the ether it was converted 
into y-benzoyl-«$-dimethyl glycerol and «$-dimethyl glycerol 
malate, of which the constants were determined. Attempts to 
prepare ay-dimethyl glycerol led to a confusing result. According 
to Smith (Z. physikal. Chem., 1918, 92, 717), the product of the 
action of hydrochloric acid on epichlorohydrin contains nothing 
but the pure wy-compound. The «y-dichlorohydrin prepared by 
this method gave, however, on treatment with sodium methoxide, 
a dimethyl glycerol which in all respects was identical with the 
«f-dimethyl glycerol described above. The identity was apparent, 
not only in the ethers, but also in the benzoates and malates pre- 
pared from them. Advantage was taken of the fact referred to 


above that liquid isomerides may frequently be distinguished by 
the effect they produce on the rotation of active compounds dis- 
solved in them. In this respect also no distinction could be made 
between the compounds. 


Comparison of Dimethyl Glycerols. 
Ny of [a}j>’ of 
B. Pp. Nye benzoate. malate. 
a8-Dimethy] glycerol ... 69-5—70-5°/15 mm. 1-4219 1-5075 —10-48° 
Presumed ay-dimethyl 
glycerol 70-5—71-5°/18 mm, 1-4219 1-5075 — 10-60 
Solute. [a]p- 
af-Dimethyl glycerol Ethyl] tartrate + 11-22° 
>” ed ”? + 11-19 
pee Nicotine — 152-94 
” — 153-44 
Comparison of the above data leaves no doubt that the com- 
pounds are identical and not isomeric. It has not yet been ascer- 
tained whether, in this instance, the action of sodium methoxide 
causes migration of the methyl groups, but the following result 
suggests that Smith’s «y-dichlorohydrin is interchangeable with the 
«8-isomeride. It was expected that @-monomethyl glycerol could 
be obtained from «y-dichlorohydrin, which when subjected to 
methylation by the silver oxide reaction yielded a monomethy! 
dichlorohydrin. In guch a compound, the halogen atoms would 
4y2 
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presumably occupy the «y-positions, but on heating with an aqueous 
alcoholic solution of potassium acetate followed by hydrolysis of 
the acetyl groups the «-monomethyl glycerol described by Irvine 
and Macdonald (loc. cit.) was obtained. The result is comparable 
with that recorded by Fischer (Ber., 1920, 53, 1625), who, starting 
from y-iodo-«f-distearyl glycerol, replaced halogen successively 
by acetyl and hydroxyl and obtained, not «8-distearyl glycerol, 
but the «y-isomeride. 

Trimethyl glycerol was prepared by the continued action of 
methyl sulphate in alkaline solution on glycerol at 70°. The 
product formed a constant-boiling mixture with water which 
distilled at 92°, whilst the distillate formed a homogeneous system 
with ether. The pure compound was a mobile liquid, b. p. 148°/ 
765-4 mm., % = 1-4069. Ethyl tartrate dissolved in trimethyl 
glycerol gave [«]p = + 5-99°. 


ExPERIMENTAL. 


Preparation of Glycerol Glucoside.—A 5% solution of 20 g. of 
glucose in anhydrous glycerol containing 0-25% of dry hydrogen 
chloride was heated in a sealed tube at 100° until it no longer 
reduced Fehling’s solution. The product, isolated on the lines 
described by Fischer (loc. cit.), was a thick syrup containing barium 
chloride and glycerol. The glucoside was extracted with absolute 
alcohol and purified by precipitation with ether, but this effected 
only partial separation of the impurities and the composition was 
determined through the methylated derivative. 

Methylation of Glycerol Glucoside——Only one typical experiment 
need be described. The syrup (16 g.) was methylated by the 
gradual addition of 72 g. of methyl sulphate and 55 g. of sodium 
hydroxide in 40% solution. The unchanged glycerol was thus 
converted into trimethyl glycerol, which volatilised during the 
final heating to 100°. The product (11 g.) was remethylated twice 
by means of the silver oxide reaction; the refractive index was 
then constant and on distillation a clear, colourless, mobile liquid 
was obtained, b. p. 190—192°/12 mm., np = 1-4497 (Found: C, 
53-1; H, 8-9. Hexamethyl glycerol glucoside, C,,;H90,, requires 
C, 53-25; H, 8-9%). With this compound, as with many other 
derivatives of glycerol, analysis by the ordinary combustion process 
gave variable results. The “ wet” process of Simonis and Thies 
(Chem. Ztg., 1912, 97, 917) gave, however, satisfactory values for 
carbon. 

Hydrolysis of Hexamethyl Glycerol Glucoside.—A 7%, solution of 
the glucoside in 8% aqueous hydrochloric acid was hydrolysed by 
heating at 100° for 45 minutes, the course of the reaction being 
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followed polarimetrically. After neutralisation with barium 
carbonate, the product was extracted with chloroform and, on 
distillation of the solvent, crystalline tetramethyl glucose was 
obtained (yield 65%). After one recrystallisation from light 
petroleum, the melting point was 88° and a mixed melting point 
with tetramethyl glucose showed no depression. Evaporation of 
the light petroleum mother-liquors gave a solid the optical values 
of which were determined. In one preparation [«]p = + 75-65°. 
These results show that the corresponding glycerol y-glucosides 
may be present to an extent varying between 0-93 and 1-95%. 
In order to isolate the methylated glycerol formed during hydrolysis, 
the aqueous layer was concentrated by distillation through an 
efficient column. The concentrated solution was extracted with 
ether and on evaporation of the solvent gave «$-dimethyl glycerol 
as a colourless, mobile liquid showing the correct physical constants 
for this compound. 

Polarimetric Examination of the Condensation of Glucose with 
Glycerol—The glycerol used was redistilled under diminished 
pressure, and the finely powdered glucose kept for some days in 
an evacuated desiccator over sulphuric acid. The sugar (3 g.) 
was dissolved in glycerol by heating at 90° for 2 hours, the solution 
when cold showing a specific rotation of 52-3° and a reducing power 
equivalent to the glucose it contained. Dry hydrogen chloride 
was drawn into the solution until the necessary increase of weight 
was obtained (8—10 minutes), and a further 15—20 minutes elapsed 
before the turbidity of the liquid had decreased sufficiently to 
make possible even a rough determination of its optical rotation. 
The following typical results are recorded, the complete figures 
being embodied in the curves shown in the introduction. 


Observed rotations: 7 = 1, = 15°. Cone. of glucose, 3%. 
HC11%. HC11-5%. HCl1-63%. HCl2%. HCl 2-53%. 
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The reversion of the rotation to practically the initial value is clearly 
evident in the experiments with 2% and 2-53% HCl, while the 
minimum specific rotation in all cases is about 15°. 
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Condensation of Glucose with Glycerol in presence of Fructose.-—The 
optical behaviour of solutions containing glucose and fructose in 
acid glycerol was studied by methods similar to those described in 
detail in the case of glucose alone. Solutions containing equal 
weights of both sugars dissolved in anhydrous glycerol possessed 
initially a specific rotation of — 21° to — 22°, the corresponding 
value for the ketose alone being from — 96° to — 97°. Dry 
hydrogen chloride was then introduced as already described until 
the acid concentration was 1-5%. 


C.c. of Fehling’s solution. 


Initially. After 23 hours. 

10-3 G. of 3% glucose solution reduced 

10:3G. ,, fructose solution reduced 

Sum of final reducing powers 

10-6 G. of 3% glucose-3% fructose solution 
reduced 

10-15 G. of 15% glucose solution reduced 

10-15 G. » fructose solution reduced 

Sum of final reducing powers 

10-3 G. of 1:5% glucose-1-5% fructose solution 
reduced 


Observed Rotations: 1 = 1, t = 15°. 


In each case the sugars were dissolved in 100 g. or 80 c.c. of 
glycerol. 
No. 1. Fructose 3%, HCl 1-5%. 
Hours 0 1-25 2 3°25 5-5 8-5 19 23 
a — 36° — 1-25° — 1-2° — 13° — 15° — 1:79 — 22° — 2-4° 
[a], —96° -—33-3° —32°  —34-7° —40°  —45-3° —58-7° —64° 
No. 2. Fructose 1:5%, HCl 1-59%. 
2-5 3°25 ea 5-5 10 21 
— 0:7°? — 0-65° — 0-65° — 0-79 — 0-85° — 1-1° 
—37-3° ? —34-7° —34:7° —37-3° —45-3° —58-7° 
No. 3. Glucose 3%, fructose 3%, HCl 1-5%. 
4 6 8 
— 1:4° — 1-5° 
—21-3° j ° . —18-7° —20° 
No. 4. Glucose 1 


2-75 


No. 5. Fructose 


0-5 0-75 
= her a RP 
—26-7° —26-7° 


Blackening. 
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«8-Dimethyl Glycerol.—«8-Dibromohydrin was prepared by 
Michael and Norton’s method (Amer. Chem. J., 1880, 2, 18), 20 g. 
of allyl alcohol giving 51-4 g. of product, b. p. 110—112°/15 mm. 
To this were added 11 g. of sodium dissolved in methyl alcohol. 
Sodium bromide was immediately deposited. The reaction pro- 
ceeded slowly initially, but afterwards suddenly became very 
rapid, the methyl alcohol boiling vigorously. (It is possible to 
control the reaction if the solutions are dilute and the mixture is 
kept initially in ice-cold water for several hours. Completion of 
the reaction is ensured by heating for a considerable time, as other- 
wise it is extremely difficult to remove the last traces of bromine.) 
After neutralisation with carbon dioxide, the dimethyl glycerol was 
extracted with ether and distilled as a clear, colourless liquid, 
b. p. 69°5—70-5°/15 mm., mp 14219, di = 1-016 [Ri}p 30-02. 
Dimethyl glycerol, C;H,.0,, requires [Rzy]p 30-10 (Found: C, 
49-4; H, 9-8. C,H,.0, requires C, 50:0; H, 100%). [a]? of 
ethyl tartrate and nicotine in «$-dimethyl glycerol as solvent = 
+ 11-22° (c = 13-37) and — 152-94° (c = 13-46), respectively. 

y-Benzoyl «8-Dimethyl Gilycerol.—The benzoate was prepared by 
the standard method. Dimethyl glycerol (3-6 g.; 1 mol.) was acted 
on by 7:5 g. of benzoyl chloride (1-67 mols.) and 2-9 g. of sodium 
hydroxide (2°5 mols.) in 10% solution at + 5° to — 5°. The 
product, isolated by extraction with ether, was a fairly mobile oil, 
b. p. 162°/12 mm., mp 1-5075 (Found : benzoic acid, 50-0. Benzoyl 
dimethyl glycerol, C,,H,,0,, requires benzoic acid, 54-5%). 

a3-Dimethyl Glycerol Malate.—Malic acid (4 g.; 0-6 g. in excess 
of 1 mol.) was esterified with 6 g. of dimethyl glycerol in presence 
of gaseous hydrogen chloride at room temperature. The product 
was poured into a large quantity of water, neutralised with barium 
carbonate, filtered, and the filtrate extracted with ether for several 
hours. The ethereal solution was dried, the solvent evaporated, 
and the residue distilled (yield 5-6 g.). The ester, b. p. 200°/0-5 mm., 
is a viscous oil, insoluble in water or alcohol but readily dissolved 
by chloroform. [«]” in chloroform = — 10-60° (c = 9-05). 

Attempted Preparation of «y-Dimethyl Glycerol._—a«y-Dichloro- 
hydrin was obtained in the manner described by Smith (loc. cit.), 
b. p. 175-5—176°/733 mm., np = 1-4827, whilst the treatment with 
sodium methoxide was carried out as in the case of the «8-isomeride. 
The identity of the product with «-dimethyl glycerol is referred 
to in the introduction. 

8-Monomethyl «y-Dichlorohydrin.—«y-Dichlorohydrin (11-3 g.; 
1"mol.) was dissolved in 56-8 g. of methyl iodide (4 mols.) and 
methylated in the usual manner by the addition of 46-4 g. of silver 
oxide (2 mols.). The reaction, which was spontaneous, was 
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continued by warming on a water-bath under a reflux condenser for 
8 hours, an additional 10 c.c. of methyl iodide being added when 
the mixture became pasty. Ether was used as the extracting 
agent. The product was a clear, colourless liquid (11 g.), b. p. 
58°/14 mm., np 1-4560 (Found: Cl, 49:7. Monomethyl dichloro- 
hydrin, C,H,OCI,, requires Cl, 49-65%). 

Attempted Preparation of 8-Monomethyl Glycerol.—-Monomethy] 
ay-dichlorohydrin (18-3 g.; 1 mol.) was heated in 36 c.c. of an 
aqueous alcoholic solution of 29 g. of potassium acetate (2 mols. 
and 15% excess) in a sealed tube at 120—140° for 12 hours. The 
potassium chloride that separated was removed, the filtrate evapor- 
ated to dryness, and the residue extracted with ether. On distil- 
lation of the ether, monomethyl glycerol diacetate remained. 
This was hydrolysed by boiling with barium hydroxide solution 
for an hour, neutralising with carbon dioxide, and taking to dryness. 
The monomethyl glycerol was extracted with chloroform and dis- 
tilled. The product undissolved by ether was also extracted with 
chloroform and yielded a further quantity of monomethyl glycerol 
which had been produced by hydrolysis during the heating process. 
The monomethyl glycerol obtained was the «a-, and not the B., 
form; b. p. 110—112°/11 mm., np 1-4462 (Found: C, 45-2; H, 9-4. 
C,H,90, requires C, 45-3; H, 9-4%). 

Trimethyl Glycerol.—The methyl] sulphate reaction was the most 
satisfactory in the case of glycerol and one typical preparation is 
described. To 20 g. of glycerol (1 mol.) were added, drop by drop, 
186 c.c. of methyl sulphate (4:5 mols.) and 186-7 g. of sodium 
hydroxide in 40% solution. At first the usual method of procedure 
was adopted, the methylating reagents being allowed to react with 
the glycerol at 60—70°, the excess of methyl sulphate being destroyed 
by heating to 100°. Under these conditions, however, the yield 
of methylated glycerol was very small. Afterwards the reaction 
was carried out in a flask provided with a mercury seal and attached 
to a condenser; trimethyl glycerol and water then formed a volatile 
mixture which boiled vigorously during the final heating at 100°. 
The following process was therefore adopted: After destruction 
of the excess of methyl sulphate the mixture was heated in a brine 
bath; a mixture of water and trimethyl glycerol distilled steadily 
at 92°. This was saturated with sodium chloride and extracted 
with ether. On drying the ethereal solution with calcium chloride 
a large aqueous layer separated, showing that ether, water, and 
trimethyl glycerol form a homogeneous system. The ethereal 
layer was separated from the calcium chloride solution, dried over 
solid caustic soda, and finally over sodium wire. This treatment 
has the added advantage of eliminating traces of partly substituted 
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glycerols. Pure trimethyl glycerol was thus obtained as a mobile, 
refractive liquid, b. p. 148°/765-4 mm., nj 1-4069, di 0-9401, 
[Ry]> 35-06. Trimethyl glycerol, C,H,,03, requires [Ry]p 34-84 
(Found: C, 53-3; H,10-2. C,H,,0, requires C, 53-7; H, 10-45%). 
Great difficulty was experienced in the analysis of the methylated 
glycerols and, although many variations of the usual combustion 
process have been employed, the results obtained are not yet entirely 
satisfactory. The figures are, however, sufficiently close to the 
calculated values to show that each of the compounds possesses 
the composition ascribed to it. Determination of the methoxyl 
content by Zeisel’s method leads, as has already been pointed out 
in the case of the «-monomethyl ether (Irvine and Macdonald, loc. 
cit.), to the formation of isopropyl iodide in varying amount and 
therefore cannot be regarded as an accurate analytical factor. For 
purposes of comparison, the rotatory power of ethyl tartrate in 
trimethyl glycerol was ascertained. [a] = 5-99 (c = 13-36). 
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NOTES. 


Sulphonation of 4-Chlorophenol. By JoHn MILDRED GAUNTLETT 
and SAMUEL SMILES. 


THE structure of the acid obtained by sulphonating 4-chlorophenol 
was determined in the following manner. 4-Aminoanisole-2- 
sulphonic acid (Bauer, Ber., 1909, 42, 2110) was converted into 
'4-chloroanisole-2-sulphonic acid. The chloride of this acid was 
identical with that obtained by treating 4-chloroanisole with cold 
chlorosulphonic acid. The same sulphonic acid was obtained by 
methylating the product from the interaction of 4-chlorophenol 
with warm fuming sulphuric acid (20°/ SO,). 

Sodium 4-chloroanisole-2-sulphonate, MeO-C,H,Cl‘SO,Na, separates 
from hot water in prisms containing 2H,O, which are lost at 120° 
(Found: Cl, 14-7; 8S, 13-2; Na, 9-4. C,H,O,CISNa requires 
Cl, 14-5; 8, 13-1; Na, 9-4%). 4-Chloroanisole-2-sulphonyl chloride, 
MeO0-C,H;ClSO,Cl, melts at 104° (Found: Cl, 29:3; 8S, 13-8. 

4Z 


NOTES... 


C,H,;0,C1,S requires Cl, 29-4; S, 133%), and the corresponding 
amide at 154°. 4-Chloroanisole-2-sulphinic acid, MeO-C,H,Cl‘SO,H, 
prepared from the chloride and aqueous sodium sulphite, has m. p. 
116° (Found: C, 40-8; H, 3-5. C,H,0,CIS requires C, 40-7; 
H, 3:4%). 4-Chloroanisole-2-methylsulphone, MeO-C,H,Cl-SO,Me, 
prepared from the sodium sulphinate and methyl sulphate, separates 
from hot water in plates, m. p. 94° (Found: C, 43-5; H, 4-1. 
C,H,O,CIS requires C, 43-5; H, 4:1%). 4-Chloroanisole-2-di- 
sulphoxide, (MeQ°C,H,Cl),S,0,, was obtained from the sulphinic 
acid and dilute hydriodic acid, m. p. 124—125° (Found: C, 44-0; 
H, 3-3. C,,H,,0,ClS, requires C, 44:3; H, 3:2%). 4-Chloro- 
anisole-2-mercaptan, MeO-C,H,Cl‘SH, obtained from the sulphonic 
chloride by reduction with tin and hydrochloric acid, formed small 
plates from alcohol, m. p. 42°, which are volatile with steam (Found : 
C, 48-4; H, 4-0. C,H,OCIS requires C, 48-1; H, 40%). 4-Chloro- 
anisole 2-disulphide, (MeO-C,H,Cl),S,, formed colourless needles 
from alcohol, m. p. 105° (Found: C, 48-3; H, 3:4. C,,H,,0,C1,S, 
requires C, 48-4; H, 3-4°).—Krine’s Cottecz, Lonpon. [Received, 
October 3rd, 1925.] 


2-m-X ylidino-5-ethoxy-4 : 5-dihydrothiazole. By VIisHvANATH 
KRIsHNA NIMKAR and FRANK LEE PyMAN. 


MaRcKWALD (Ber., 1892, 25, 2355) states that acetalyl-m-xylyl- 
thiocarbamide yields on treatment with strong sulphuric acid a 
base, C,,H.»0,N,S, m. p. 94—95°, giving a picrate, 
Ci3H, ,ON,S,C,H3,0,N,, 

m.p.143—144°. Burtles, Pyman, and Roylance (this vol., p.581) con- 
firmed the composition of the picrate, for which they found the m. p. 
142—-143° (corr.), but did not obtain the base in a crystalline state. 
They expressed the opinion that if Marckwald’s analyses were correct 
the base contained a molecule of water of crystallisation. After 
several months, the base regenerated from the picrate isolated by 
Burtles, Pyman, and Roylance became crystalline and separated 
from alcohol in large prisms, m. p. 102—103° (corr.), which were 
anhydrous (Found: C, 62-6, 62:4; H, 7:0, 7:3; N, 11:3. 
C,;H,,0N,S requires C, 62-4; H, 7-2; N, 112%). The base has, 
therefore, the expected composition, C,;H,,ON,S, and is doubtless 
2-m-xylidino-5-ethoxy-4 : 5-dihydrothiazole. The picrate prepared 
from the pure base had m. p. 152—154° (corr.) (Found: C, 47:5; 
H, 4-4. Calc., C, 47-6; H, 4-4%), and it thus appears that neither 
base nor picrate had been obtained previously in a pure state.— 
MounicrpAL CoLLEGE OF TECHNOLOGY, UNIVERSITY OF MANCHESTER. 
[Received, September 30th, 1925.] 


